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HOW TO USE THE 1992 NEW RELEASES DATA BOOK 


Maxim's 1992 New Releases Book brings together 
over 150 new 
products 
from 10 product 
groups in a single, easy-ta-use 
"Design 
Guide" format. 
Each product 
group section contains: 
(1) A brief 
overview of key products 
and pricing 
information; 
(2) Data sheets for all 
products 
in the group (3) Application 
notes using group products 
in a 
variety of ways to solve commercial 
and industrial 
design problems. 


If, after reviewing this information, 
you need specific samples for further 
evaluation, 
all you need to do is fill out one of the sample request cards 
at the front of the book and send it to Maxim for prompt fulfillment. 
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'ntroduction 


Maxim Integrated 
Products 
designs, 
develops, 
manufac- 
tures and markets a broad range of linear and mixed-sig- 
nal integrated 
products 
for use in a variety of electronic 
products. 
These 
products 
"connect" 
the 
real (analog) 
world to the digital world. 
They detect, 
measure, 
amplify 
and 
convert 
real world 
signals, 
such 
as temperature, 


pressure 
or sound, 
into digital 
signals 
a computer 
can 
process. 
Over the past 
eight 
years, 
Maxim 
has intro- 
duced 
over 430 products 
- more 
analog 
ICs than any 
other company. 


Maxim is committed 
to meeting 
the needs of the industry 
through 
aggressive 
product 
development 
and superior 
quality. 
The Company's 
products 
include: 
data convert- 


ers and references, 
RS-232 interface 
circuits, 
amplifiers, 


power 
control 
circuits, 
timers 
and counters, 
display 
cir- 
cuits, 
multiplexers 
and switches, 
voltage 
detectors 
and 
filters. 
Recognizing 
the growing 
demand 
for CMOS, the 
emerging 
technology 
of the future, 
Maxim 
has focused 
increasingly 
on CMOS-based 
products. 
These circuits 
are marketed 
worldwide, 
principally 
through 
distributors 
and 
independent 
sales 
representatives, 
and 
are avail- 


able 
in several 
different 
packages 
and 
temperature 
ranges to meet varying 
customer 
requirements. 


_________ 
New Re'eases 


During 
the past year more than 70 new products 
have 
been added 
to our product 
lines. 
These, and other older 
but unique 
Maxim 
products, 
are collected 
into a single 


volume 
in this new data book. 
We hope that this enables 


you to have quick 
access 
to "what is new and exciting 
from Maxim". 
Older 
products, 
and some recently 
intro- 
duced 
second-source 
products 
are left out of this book, 


but can be located 
using 
the Table 
of Contents 
or the 
Index. 
You can get 
data sheets for these products 
by 


contacting 
your local Sales Representative, 
or the factory 
directly. 


Customer 
Service 
Representatives 
are available 
during 
normal business 
hours to provide 
you with information 
on 
orders 
placed 
directly 
with the factory 
or by any of our 
franchised 
distributors. 
Please see the Appendix 
for a list 


of domestic 
and international 
sales representatives, 
and 


distributors. 
_______ 
Technica' Support 


The 
technical 
literature 
in this 
volume 
discusses 
the 


operation 
and applications 
of Maxim 
products 
as they 


apply to design 
problems. 
In addition 
to the individual 


data sheets/applications 
notes in this book, Maxim offers 


a full line Integrated 
Circuits 
Data Book, a Military 
Prod- 
ucts Data Book, 
and a free subscription 
to the Maxim 


Engineering 
Journal- 
a quarterly 
magazine 
covering 
the 


application 
of Maxim analog 
ICs. 
For on-line 
technical 


support 
you can talk with a senior applications 
engineer 
at (408) 737-7600 
extension 
4000 or, after normal 
busi- 
ness 
hours, 
you 
can 
FAX in your 
questions 
at (408) 


736-1831. 
___________ 
Re.iabi.ity 


Providing 
reliable, 
innovative 
analog 
ICs that solve cus- 
tomer problems 
is the cornerstone 
of Maxim's 
existence. 


Our programs 
offering 
free burn-in at 150'C (for all DIPs) 


and complete 
lot traceability, 
life test and pressure 
pot 


qualification 
are unique 
in the industry. 


On July 1, 1988, Maxim became 
a certified 
manufacturer 
of MIL-STD-883 
Class B, Rev. C products. 
To date, the 
company 
has announced 
over 
167 of its 430 products 


screened 
to military standards, 
40 are in qualification 
and 


more are scheduled 
for qualification 
in the future. 


All of Maxim's 
products 
are available 
screened 
to a "High 


Reliability' 
flow that emulates 
Rev. C, MIL-STD-883, 
Class 


B standards. 
These "/HR" parts are fully tested 
over the 


military 
temperature 
range 
and are sold at significantly 


lower prices than /883 compliant 
products. 


Following 
Maxim's 
charter to provide 
analog 
solutions 
in 
silicon, 
we will continue 
to offer /883B 
Rev. C and /HR 
devices, 
SMDs (Standard 
Military Drawings) 
when avail- 
able and SCDs (Customer 
Source 
Control 
Drawings) 
in 


the future. 
We welcome 
you to visit our new facilities 
for 
a first hand inspection 
and look forward to the opportunity 


to serve you. 
Contact 
your local Sales Representative 
or 
the factory 
directly, 
(408) 737-7600 
extension 
6283, for 


more information. 


Information 
furnished 
by Maxim 
Integrated 
Products 
is believed 
to be accurate 
and 
reliable. 
However, 
the company 
cannot 
assume 
responsibility 
for use of 


any circuitry 
other 
than 
circuitry 
entirely 
embodied 
in a Maxim 
product; 
nor for any infringements 
of patents 
or other 
rights 
of third parties 
that may 
result 
from 
its use. 
No license 
is granted 
by implication 
or otherwise 
under 
any patent 
or patent 
rights 
of Maxim 
Integrated 
Products. 
Maxim 
reserves 
the right to change 
the circuitry 
and 
specifications 
without 
notice. 


Life Support 
Policy: 
Maxim 
does not authorize 
or warrant 
any Maxim 
product 
lor use in lile support 
devices 
and/or 
systems 
without 
the express 
written approval 


01 an officer 
01 Maxim 
Integrated 
Products, 
Inc. 
Lile support 
devices 
or systems 
are devices 
or systems 
which, 
(I) are intended 
lor surgical 
implant 
into the 


body 
or (if) support 
or sustain 
lile, and 
whose 
lailure 
to perform, 
when properly 
used 
in accordance 
with instructions 
lor use provided 
in the labeling, 
can be 


reasonably 
expected 
to result 
in signilicant 
injury 
to the user. 


Products 
in this book 
may be covered 
by one or more 
01 the patents 
listed 
below. 
Additional 
patents 
are pending. 


4,700,286,4,679,134,4,636,930,4,859,963,4,857,778, 
4,897,774, 
4,797,899, 
4,806,875, 4,847,522, 
4,812,891, 
4,809,152,4,801,888,4,797,569,4,777,580, 
4,777,577,4,859,963,4,999,761,4752700. 


© 1991 Maxim 
Integrated 
Products. 
All rights 
reserved. 
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Analog Multiplexers/Switches 
Analog 
Design Guide #1: 
Multiplexers, 
Switches, 
Military 
1-1 


AN-A 


MAX310 


MAX311 


MAX326 


MAX327 


MAX328 


MAX329 


MAX331 


MAX332 


MAX333 


MAX334 


MAX358 


MAX359 


MAX368 


MAX369 


MAX378 


MAX379 


MAX453 


MAX454 


MAX455 


MX7506 


MX7507 


MXD401 


MXD403 


MXD405 


MXD411 


MXD412 


MXD413 


MXD417 


MXD418 


MXD419 


MXD421 


MXD423 


MXD425 


MXD441 


MXD442 


MXD444 


MXD445 


DG200/A 


Fault-Protected 
and Fault-Protecting 
CMOS Multiplexers 
1-7 


CMOS 
RFNldeo 
Multiplexers 
8-17 


CMOS 
RF/Video 
Multiplexers 
8-17 


Quad, SPST, Ultra-Low 
Leakage, 
CMOS Analog Switches 
1·11 


Quad, SPST, Ultra-Low 
Leakage, 
CMOS Analog Switches 
1-11 


Ultra-Low 
Leakage 
Monolithic 
CMOS Analog 
Multiplexer 
1-17 


Ultra-Low 
Leakage 
Monolithic 
CMOS Analog 
Multiplexer 
1-17 


Quad SPST Normally 
Closed 
CMOS Analog 
Switch 
9008 
.12-1 


Quad SPST Normally 
Open CMOS Analog 
Switch 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9008 
12-9 


Quad SPOT CMOS Analog 
Switch 
..............................•........•... 
9008 
12-17 


High Speed 
8reak-Before-Make 
Quad SPST Analog 
Switch 
900812-21 


Fault Protected 
8 Channel 
Multiplexer 
1-25 


Fault Protected 
Differential 
4 Channel 
Multiplexer 
1-25 


Fault Protected 
8 Channel 
Latched 
Multiplexer 
1-37 


Fault Protected 
8 Channel 
Latched 
Multiplexer 
1-37 


High Voltage, 
Fault-Protected 
Analog 
Multiplexer 
1-49 


High Voltage, 
FaultProtected 
Analog 
Multiplexer 
1-49 


2 Channel50MHz 
Video Multiplexer/Amplifier 
8-37 


4 Channel 
50MHz Video Multiplexer/Amplifier 
8-37 


8 Channel50MHz 
Video Multiplexer/Amplifier 
8-37 


Monolithic 
CMOS Analog 
Multiplexer 
.oS 


Monolithic 
CMOS Analog 
Multiplexer 
.oS 


Dual High-Speed 
Analog Switches 
1-59 


Dual High-Speed 
Analog Switches 
1-59 


Dual High-Speed 
Analog Switches 
1-59 


Quad SPST Precision 
Analog Switches 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
1-61 


Quad SPST Precision 
Analog Switches 
1-61 


Quad SPST Precision 
Analog Switches 
1-61 


Precision 
MiniDIP Analog Switches 
1-63 


Precision 
MiniDIP Analog Switches 
1-63 


Precision 
MlniDIP Analog Switches 
1-63 


Dual CMOS Analog Switches 
1-65 


Dual CMOS Analog Switches 
1-65 


Dual CMOS Analog Switches 
1-65 


Quad SPST Analog Switches 
1-67 


Quad SPST Analog Switches 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-67 


Quad SPST Analog Switches 
1-69 


Quad SPST Analog Switches 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
1-69 


Dual SPOT CMOS Analog 
Switch. 
. . . . . . . . . . . . . . . . . . . . . 
. 
900812-31 
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DG202 


DG211 


DG212 


DG300/A 


DG301/A 


DG302/A 


DG303/A 


DG304/A 
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DG306/A 
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DG381/A 


DG384/A 


DG387/A 


DG390/A 


DG506A 


DG507A 


DG508A 


DG509A 


HI-508A 


HI-509A 


IH5040 


IH5041 


IH5042 


IH5043 


IH5044 


IH5045 


IH5048 


IH5049 


IH5050 


IH5051 


IH5108 


IH5140 


IH5141 


IH5142 


IH5143 


IH5144 


IH5145 


IH5341 
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Quad SPST Normally 
Closed 
CMOS Analog 
Switch 
. 
90DB 
12-1 


Quad SPST Normally 
Open CMOS Analog 
Switch 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90DB 12-9 


Quad SPST Normally 
Closed 
CMOS Analog 
Switch 
. . . . 90DB 12-1 


Quad SPST Normally 
Open CMOS Analog 
Switch 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90DB 12-9 


TIL 
Compatible 
CMOS Analog 
Switch 
90DB 12-37 


TII Compatible 
CMOS Analog 
Switch 
. . . . . . . . 
. 
90DB 12-37 


TIL 
Compatible 
CMOS Analog 
Switch 
90DB 12-37 


TIL 
Compatible 
CMOS Analog 
Switch 
90DB 12-37 


CMOS Analog 
Switch 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. . 90DBB 
12-43 


CMOS Analog 
Switch 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
90DB 12-43 


CMOS Analog 
Switch 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. . 90DB 12-43 


CMOS Analog 
Switch 
. . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . 
90DB 12-43 


General 
Purpose 
CMOS Analog 
Switch 
90DB 12-49 


General 
Purpose 
CMOS Analog 
Switch 
90DB 12-49 


General 
Purpose 
CMOS Analog 
Switch 
. . . . . . . . . . . . . . . . . . . . . . 
. 
90DB 12-49 


General 
Purpose 
CMOS Analog 
Switch 
. . . . . . . . . . . . . . . . . . . . . . . . . . 
. 
90DB 12-49 


16 Channel 
CMOS Analog 
Multiplexer. 
. . . . . 
. . . . . . . . . . . . . 
. 
90DB 11-21 


Differential 
8 Channel 
CMOS Analog 
Multiplexer. 
. . . . . . . . . . . . . . . . . . . . . . 
. 
90DB 11-21 


8 Channel 
CMOS Analog 
Multiplexer. 
. . . . . . . . . . . . . 
. 
90DB 11-27 


Differential 
4 Channel 
CMOS Analog 
Multiplexer. 
. . . . . . . . . . . . . . . . . . . . . 
. 
90DB 11-27 


Fault Protected 
8 Channel 
Multiplexer 
1-25 


Fault Protected 
Differential 4 Channel 
Multiplexer 
1-25 


SPST Normally 
Open CMOS Analog 
Switch. 
. . . . 
. . . . . . . . . . 
. 
90DB 12-55 


Dual SPST Normally 
Open CMOS Analog 
Switch 
90DB 12-55 


SPOT CMOS Analog 
Switch 
90DB 12-55 


Dual SPOT CMOS Analog 
Switch 
90DB12-55 


DPST Normally 
Open CMOS Analog 
Switch 
. 
90DB 12-55 


Dual DPST Normally 
Open CMOS Analog 
Switch 
90DB 12-55 


Low Charge 
Injection 
Dual SPST Normally 
Open Analog 
Switch 
90DB 12-59 


Low Charge 
Injection 
Dual DPST Normally 
Open Analog 
Switch 
. 
90DB 12-59 


Low Charge 
Injection 
SPOT Analog 
Switch 
. . . . . . . . 
. 90DB 12-59 


Low Charge 
Injection 
Dual SPOT Analog 
Switch 
. . . . . . . . . . . . . . . . . . . . 
. ... 
90DB 12-59 


See MAX358 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . 1·25 


Low Power Fast SPST Normally 
Open 
CMOS Analog 
Switch 
. .. 
. . 90DB 12-63 


Low Power Fast Dual SPST Normally 
Open CMOS Analog 
Switch 
90DB 12-63 


Low Power Fast SPOT CMOS Analog 
Switch 
90DB 12-63 


Low Power Fast Dual SPOT CMOS Analog 
Switch 
. . . . . . . . . . . . . . 90DB 12-63 


Low Power Fast DPST Normally 
Open CMOS Analog 
Switch 
. . 90DB 12-63 


Low Power Fast Dual DPST Normally 
Open CMOS Analog 
Switch 
. . . . . . . . . . . . . 90DB 12-63 


Dual SPST Normally 
Open RFNideo 
Switch. 
. . . . . . . . . . . . . . 
. 
90DB 12-67 


IH5352 
Quad SPST Normally 
Open RFNideo 
Switch 
, 
90DB 12-67 


IH5208 
See MAX359 
. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
.. 
1·25 


IH6108 
See DG508A 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
. 
90DB 11-27 


IH6116 
See DG506A 
. 
. . . . . . . . . . . . . . . . . 
. . . . . . . . 
. 
90DB 11-21 


IH6208 
See DG509A 
90DB 11-27 


IH6216 
See DG507A 
. .. 
.. 
.. 
. 
90DB 11-21 
Interface Products 
Analog 
Design 
Guide 
#2: 
Interface 
Products 
2-1 


AN-2 
What The EIA-232D 
Specs 
Don't 
Tell You 
2-7 


MAX220 
High-Speed 
+5V-Powered 
RS-232 Drivers/Receivers 
2·13 


MAX222 
High-Speed 
+5V-Powered 
RS-232 Drivers/Receivers 
2-13 


MAX230 
+5V Powered, 
Five RS-232 Transmitters 
with 
Power 
Shutdown 
2-25 


MAX231 
+5V and +12V Powered, 
Dual RS-232 Transmitters 
and Receivers 
2-25 


MAX232 
+5V Powered, 
Dual RS-232 Transmitters 
and Receivers 
2·25 


MAX232A 
High-Speed 
+5V-Powered, 
Dual RS-232 Transmitters 
and Receivers 
2-13 


MAX233 
No External 
Component 
+5V Powered, 
Dual RS-232 Transmitters 
and Receivers 
2-25 


MAX233A 
High-Speed, 
No External 
Component 
+5V Powered, 
Dual RS-232 Trans. 
& Receivers 
2-13 


MAX234 
+5V Powered, 
Quad 
RS-232 Transmitters 
2-25 


MAX235 
No External 
Component 
+5V Powered, 
Five RS-232 Transmitters 
and Recievers 
2-25 


with 
Power 
Shutdown 
and Receiver 
Three-State 
Enable 


+5 Powered, 
Four RS-232 Transmitters 
and Three 
RS-232 
Recievers 
2-25 


with 
Power 
Shutdown 
and Receiver 
Three-State 
Receiver 
Enable 


+5V Powered, 
Five RS-232 Transmitters 
and Three 
RS-232 
Receivers 
2-25 


+5V Powered, 
Quad 
RS-232 Transmitters 
and Receivers 
2-25 


+5V and +12V Powered, 
Three 
RS-232 Transmitters 
and Five RS-232 Recievers 
2-25 


with Three-State 
Receiver 
Enable 


+5V Powered, 
Five RS-232 Transmitters, 
Five Receivers 
with 
Power 
Shutdown 
2-25 


and Receiver 
Three-State 
Enable 
in Plastic 
Flatpak 


+5V Powered, 
Four RS-232 Transmitters, 
Five Receivers 
with 
Power 
Shutdowm 
2-25 


and Receiver 
Three-State 
Enable 
in 28 Pin Small 
Outline 


High-Speed 
+5V-Powered 
RS-232 Drivers/Receivers 
2-13 


High-Speed 
+5V-Powered 
RS-232 Drivers/Receivers 
2-13 


+5V Powered 
Multi-Channel 
RS-232 Drivers/Receivers 
2-41 


+5V Powered 
Multi-Channel 
RS-232 Drivers/Receivers 
2·41 


+5V Powered 
Multi-Channel 
RS-232 Drivers/Receivers 
2·41 


+5V Powered 
Multi-Channel 
RS-232 Drivers/Receivers 
2-41 


+5V Powered 
Multi-Channel 
RS-232 Drivers/Receivers 
2-41 


+5V Powered 
Multi-Channel 
RS-232 Drivers/Receivers 
2-41 


+5V Powered 
Isolated 
RS-232 Drivers/Receivers 
2·57 


+5V Powered 
Isolated 
RS-232 Drivers/Receivers 
2-57 


Complete 
+5V-Powered 
Isolated 
Dual RS·232 Transceiver 
Module 
2-69 
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MAX237 


MAX238 


MAX239 


MAX242 


MAX243 


MAX244 


MAX245 


MAX246 


MAX247 


MAX248 


MAX249 


MAX250 


MAX251 


MAX252 
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Op Amps/Buffers/Comparators 
Analog 
Design Guide #3: 
Op Amps 
3-1 


AN-3 


MAX400 


MAX402 


MAX403 


MAX404 


MAX405 


MAX406 


MAX408 


MAX412 


MAX420 


MAX421 


MAX422 


MAX423 


MAX425 


MAX426 


MAX428 


MAX430 


MAX432 


MAX448 


MAX450 


MAX451 


MAX452 


MAX453 


MAX454 


MAX455 


MAX456 


MAX457 


MAX460 


MAX480 


MAX516 


MAX900 


MAX901 


MAX902 


MAX903 


MAX905 


MAX906 


MAX9685 


MAX9686 


MAX9687 


Getting 
High Performance 
From Low Power 
3-7 


Ultra low 
Offset Operational 
Ampllifier 
90DB 5-1 


High-Speed, 
Low-Power 
Op Amp 
3-15 


High-Speed, 
Low-Power 
Op Amp 
3-15 


Video Operational 
Amplifier. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-25 


Precision 
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Ultra-Low 
Power CMOS Operational 
Amplifier 
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High-Speed, 
High Output 
Current 
Op Amp 
90NR 4-19 


Dual, Low-Noise, 
Low-Voltage 
Precision 
Op Amp 
3-31 


±15V Chopper 
Stabilized 
Operational 
Amplifier 
90DB 5-5 


±15V Chopper 
Stabilized 
Operational 
Amplifier 
90DB 5-5 


low 
Power, ±15V Chopper 
Stabilized 
Operational 
Amplifier 
...................•..... 
90DB 5-5 


low 
Power, ±15V Chopper 
Stabilized 
Operational 
Amplifier 
90DB 5-5 


Ultra High-Precision 
CMOS Op Amp 
3-35 


Ultra High-Precision 
CMOS Op Amp 
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Dual High-Speed, 
High Output 
Current 
Op Amp 
90NR 4-19 


±15V Chopper 
Stabilized 
Operational 
Amplifier 
90NR 4-33 


low 
Power, ±15V Chopper 
Stabilized 
Operational 
Amplifier 
90NR 4-33 


Quad High-Speed, 
HlghOutputCurrentOpAmp 
90NR4-19 
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2-Channel50MHz 
Video Multiplexer/Amplifier 
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8-37 
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8-37 


8x8 Crosspoint 
Video Switch 
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9-21 


Quad High-Speed, 
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8-51 


Quad High-Speed, 
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8-51 
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Dual High-Speed, 
Clocked 
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Comparators 
8-63 


Ultra-Fast 
ECl 
Output 
Comparator 
with latch 
Enable 
90NR 4-1 
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Ultra-Fast ECL Output Comparator 
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Very Fast TIL Latched Output Comparator 
. . . . . . . . . . . . . 
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90NR 4-5 
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Wideband, 
Fast-Setting Operational 
Amplifier 
. . 
. 
90DB 5-43 


BB3553 
Very Fast Buffer Amplifier 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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Wideband, 
Fast Setting Operational 
Ampllifier 
90DB 5-43 


ICL7611 
Low Power, Single Operational 
Amplifier. 
. . 
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. 
90DB 5-49 
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Low Power, Single Operational 
Amplifier 
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90DB 5-49 


ICL7614 
Low Power, Single Operational 
Amplifier 
. . . . . . . . . . 
. .. 
90DB 5-49 


ICL7616 
Low Power, Single Operational Amplifier 
90DB 5-49 


ICL7621 
Low Power, Dual Operational 
Amplifier 
. 
90DB 5-49 


ICL7622 
Low Power, Dual Operational 
Amplifier 
90DB 5-49 


ICL7631 
Low Power, Triple Operational 
Amplifier 
90DB 5-49 


ICL7632 
Low Power, Triple Operational 
Amplifier 
.. 
. 
90DB 5-49 


ICL7641 
Low Power, Quad Operational 
Amplifier 
90DB 5-49 


ICL7642 
Low Power, Quad Operational 
Amplifier 
. . . . 
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90DB 5-49 


ICL7650/B 
Chopper 
Stabilized Operational 
Amplifier. 
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. . . . . . . . . . . . .. 
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90DB 5-65 


ICL7652/B 
Chopper Stabilized Operational 
Amplifier 
90DB 5-75 
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90DB 5-85 
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Very Fast Buffer Amplifier 
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90DB 5-95 
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Power Operational Amplifier 
90DB 
5-101 


LT1001 
Low Offset Operational Amplifier. 
. 
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5-113 


OP07 
Precision Operational 
Amplifier 
90DB 5-117 
OP90 
Precision Low Voltage 
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Programmable 
Gain Amplifier 
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Power-Supply Circuits 
Analog Design Guide #4: DC-DC Converters, Power Supplies 
4-1 
AN-4 
A Designer's Guide to Maxim DC-DC Converters 
4-11 
MAX4193 
CMOS Micropower Step-Up Switching Regulator 
4-45 
MAX4391 
CMOS Micropower Inverting Switching Regulator 
4-65 
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90DB 6-1 
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90DB 6-1 
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Low Cost AC-DC Regulator (8V RMS to 5VDC--Full Wave) 
90DB 6-1 
MAX610 
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90DB 6-5 


MAX611 
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90DB 6-5 
MAX612 
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MAX620 
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4-19 
MAX621 
Quad, High-Side MOSFET Drivers 
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4-31 
MAX623 
High-Side Power Supplies 
4-31 
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Quad, High-Side Power Switch 
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CMOS Micropower Step-up Switching Regulator 
4-45 


CMOS +5V Adjustable Output Step-Up Switching Regulator 
4-57 


CMOS +12V Adjustable Output Step-Up Switching Regulator 
4-57 


CMOS +15V Adjustable Output Step-Up Switching Regulator 
4-57 


CMOS Micropower Inverting Switching Regulator 
4-65 


-5V Adjustable Output CMOS Inverting Switching Regulator 
4-77 
-12V Adjustable Output CMOS Inverting Switching Regulator 
4-77 
-15V Adjustable Output CMOS Inverting Switching Regulator 
4-77 


+5V/Adjustable CMOS Step-Down Switching Regulator 
4-85 
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4-93 
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4-93 
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Low Voltage Step-Up DC-DC Converter 
4-105 


Low Voltage Step-Up DC-DC Converter 
4-105 


Low Voltage Step-Up DC-DC Converter 
4-105 


Low Voltage Step-Up DC-DC Converter 
4-105 


Low Voltage Step-Up DC-DC Converter 
4-105 


CMOS Monolithic Voltage Converter 
4-117 
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4-125 


CMOS -5V/Adjustable Micropower Negative Voltage Regulator 
4-125 


CMOS +5V/Adjustable Voltage Regulator with Low Battery Detect 
4-125 


+5V/Programmable Low-Dropout Voltage Regulator 
4-133 
+5V to ±10V Voltage Converter 
4-141 
+5V to ±10V Voltage Converter 
4-141 


Battery-Powered Supply Systems 
4-147 


Battery-Powered Supply Systems 
4-147 


Battery-Powered Supply Systems 
4-147 


+5V Step-Down Current-Mode 
PWM Regulators 
4-149 
-5V Inverting Current-Mode 
PWM Regulators 
4-151 


+5V Step-Down Current-Mode 
PWM Regulators 
4-149 
-5V Inverting Current-Mode 
PWM Regulators 
4-151 


Dual-Output, Switch-Mode Regulator (+5V to ±15V or ±12V) Controller 
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Dual-Output, Switch-Mode RegUlator (+5V to ±15V or ±12V) 
4-169 


Page Key: Bold 


90NR 
90DB 
DS 


MAX8211 


MAX8212 
MAXCOOl 
MAXLOOl 


ICL7660 


ICL7662 


ICL7663 


ICL7664 


ICL7665 


ICL7667 


TSC426 


TSC427 


TSC428 


Si7661 


- 
1992 New Releases Data Book 


- 1990 New Releases 
Data Book 


- 1990 Integrated 
Circuits 
Data Book 


- Individual 
Data Sheet 


Programmable 
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Programmable 
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. . . 90DB 6-113 


150IJ.FLow-ESR Aluminum Electrolytic Capacitor 
4-181 


100IJ.HToroid Inductor 
4-185 


CMOS Voltage 
Converter 
. . .. 
. . . . . . . . . . . 
. . . 90DB 6-117 


CMOS Voltage 
Converter 
. . . . . . . . . . . . 
. . . . . . . . . . 
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Regulator 
.... 
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. . . . . . . . 
. 
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. . . . . . . . . . . . . . . . . 
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.DS 


CMOS Voltage 
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. . 
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.DS 


IlP Supervisory 
Circuits 


Analog Design Guide #5: IJ.PSupervisory 
5-1 
AN-5 
A Guide For Providing Reliable Microprocessor Supervision 
5-7 
MAX1232 
Microprocessor Monitor 
5-11 


MAX1259 
Battery Manager 
5-17 
MAX690 
Microprocessor Watchdog/Battery Switchover/Reset Generator 
5-19 
MAX691 
Microprocessor Watchdog/Battery Switchover/Reset Generator 
5-19 
MAX692 
Microprocessor Watchdog/Battery Switchover/Reset Generator 
5-19 
MAX693 
Microprocessor Watchdog/Battery Switchover/Reset Generator 
5-19 
MAX694 
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5-19 
MAX695 
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5·19 
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5-33 
MAX697 
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5-33 
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Low Cost Power-On Reset . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-45 
MAX699 
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MAX700 
Power-Supply Monitor with Reset . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-49 
MAX701 
Power-Supply Monitor with Reset 
5-49 
MAX702 
Power-Supply Monitor with Reset . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-49 
MAX790 
High-Performance Supervisory Circuit 
5-53 
MAX791 
High-Performance Supervisory Circuit 
5-53 
Analog Filters 
Analog Design Guide #6: Analog Filters 
6-1 
AN-6 
Choose The Right Lowpass Filter 
6-5 
MAX260 
IJ.PProgrammable Universal Switched-Capacitor Filter 
6-13 
MAX261 
IJ.PProgrammable Universal Switched-Capacitor Filter 
6-13 
MAX262 
IJ.PProgrammable Universal Switched-Capacitor Filter 
6-13 
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MAX263 
Pin Programmable Universal Switched-Capacitor Filter 
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MAX264 
Pin Programmable Universal Switched-Capacitor Filter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-37 
MAX265 
Resistor/Pin Programmed Universal Switched-Capacitor Filter 
6-59 
MAX266 
Resistor/Pin Programmed Universal Switched-Capacitor Filter 
6·59 
MAX267 
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6·37 
MAX268 
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6-37 
MAX270 
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MAX274 
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6-77 
MAX275 
8th-Order/4th-Order, Continuous-Time Analog Filters 
6-77 
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6-79 
MAX281 
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MAX297 
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5th-Order, Zero-Error, Bu"erworth Switched Capacitor Lowpass Filter 
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Filter 
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AID Converters 
Analog Design Guide #7: AID Converters 
7-1 
AN-7 
Don't Guess About AID Converter Needs 
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31/2 
DigitNDConverterwith 
Bandgap 
Reference 
90DB 1-1 


MAX131 
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with Bandgap 
Reference. 
. 
. .. . . . . . 
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90DB 1-1 


MAX132 
±32,768 Count ADC with Serial Interface 
: 
7-17 


MAX133 
3314 Digit DMM Circuit 
. 
90NR 1-1 


MAX134 
3314 Digit DMM Circuit 
90NR 1-1 
MAX135 
±20,000 Count ADC with Parallel Interface 
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MAX136 
Low Power 3112 Digit AID Converter 
with Display 
Hold, Direct LCD Drivers 
90DB 1-31 


MAX138 
3112 Digit ND Converter 
with Bandgap 
Reference 
& Charge 
Pump Voltage 
Converter, 
Direct LED Drivers 
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3112 Digit ND Converter 
with Bandgap 
Reference 
& Charge 


Pump Voltage 
Converter, 
Direct LCD Drivers 
.. 
. 
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3112 Digit ND Converter 
with Bandgap 
Reference 
& Charge 
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Converter, 
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LED Drivers 
. .. 
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Reference 
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. 
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and Reference 
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High-Speed, 
8-Bit ADC with 8 Simultaneous 
T/H and Reference 
7-35 


High-Speed, 
8-Bit ADC with 8 Simultaneous 
T/H and Reference 
7-35 


CMOS 2.0~s 8-Bit NO Converter 
with 8 Channel 
Multiplexer 
and Reference 
90DB 1-55 


CMOS~PCompatible4~s8-BitNDConverter 
90DB 1-67 


CMOS 20~s 8-Bit 8 Channel 
Data Acquisition 
System 
90DB 
1-79 


Complete 
High Speed CMOS 12-Blt ADC 
7·37 


CMOS 
12-Blt ADC with T/H 
7-53 


CMOS 
12-Blt ADC with T/H 
7·53 


CMOS ~P Compatible 
5~s, 8-Bit ADC 
90NR 1-61 


CMOS ~P Compatible 
5~s, 8-Bit ADC 
90NR 1-61 


CMOS 12-Bit ADC with T/H 
7-53 


Serial Output5.6~s 
12-BitADC 
90NR 1-73 


Opto-Isolated 
Serial Output 5.8~s12-Blt ADC 
7-67 


Complete 
10~sCMOS 12-Bit ADC 
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ADC with Voltage 
Reference 
90NR 1-99 


Industry 
Standard 
Complete12-Bit 
ADC 
7-81 


Serial-Output, 
12-Bit 250kSPS 
ADC 
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CMOS 10-BitADC 
with T/H 
90NR1-119 


12·Bit AID Converter 
with T/H and Reference 
7·99 


Complete 
8-Channel, 
12·Blt Data Acquisition 
System 
7-111 


Complete 
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12-Bit Data Acquisition 
System 
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4-ChanneI12-Bit 
ADC with T/H and Reference 
7-131 


3~s 12-Bit AID Converter 
7-143 


5~ 
12-Blt AID Converter 
7·143 


10~s12·Blt AID Converter 
7-143 


Low Power Single-Supply 
12-Bit Sampling 
AID 
7-155 


Industry 
Standard 
Complete 
12-Blt ADC 
7-81 


High Speed 3~s 12-Bit NO Converter 
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Industry 
Standard 
Complete 
12·Blt ADC 
7-81 


Complete 
High Speed CMOS 12-Blt ADC 
7-37 


CMOS ~P Compatible 
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90DB 1-67 


CMOS ~P Compatible 
5~s, 8-Bit ADC 
DS 


CMOS ~P Compatible 
1O~s, 8-Bit ADC 
OS 


CMOS 8-Bit 8 Channel 
Data Acquisition 
System 
90DB 1-79 


CMOS 1.3~s8-BitNDConverterwithTrack/Hold 
90DB 1-43 


~P-Compatible, 
660ns 8-Bit ADC with Track/Hold 
7-157 


CMOS High Speed 8-Bit A/D Converter 
with 4 Channel 
Multiplexer 
90DB 1-55 


CMOS High Speed 8-Bit AID Converter 
with 8 Channel 
Multiplexer 
90DB 1-55 


CMOS High Speed 
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3112 Digit AID Converter 
with Direct LCD Drivers 
90DB 1-119 


12-Bit ND Converter 
with Three-State 
Binary Outputs 
. . . . . . . . . 
. .. 
90DB 1-131 


3112 Digit AID Converter 
with Direct LCD Display 
Hold 
...............•.......... 
90DB 1-149 


3 1/2 Digit ND 
Converter 
with Direct lED 
Display 
Hold 
90DB 1-149 


low 
Power, 3 1/2 Digit AID Converter 
with Direct LCD Drivers 
, 
90DB 1-153 


low 
Noise, 4 1/2 Digit Single-Chip 
ND Converter 
with 


Multiplexed 
LCD Drivers. 
, 
. , 
90DB 1-161 
4 1/2 Digit AID Converter 
with Multiplexed 
BCD Outputs 
90DB 1-173 


low 
Power. 3 1/2 Digit ND Converter 
with Direct LCD Drivers 
90DB 1-185 


low 
Power, 3 1/2 Digit AID Converter 
with Direct lED 
Drivers 
,....... 
. 
90DB 1-193 
Video Products 
Analog Design Guide #8: High Speed: Video, Comparators 
8-1 
AN-8 
Designing With High-Speed, low-Power Analog Integrated Circuits 
8-9 


MAX31 0 
CMOS RFNideo Multiplexers 
8-17 
MAX311 
CMOS RFNideo Multiplexers 
8-17 
MAX404 
80MHz Video Operational Amplifier 
8-25 
MAX405 
Precision 180MHz Video Buffer Amplifier 
8-29 
MAX452 
50MHz Video Amplifier 
8-37 
MAX453 
2-Channel 50MHz Video Multiplexer/Amplifier 
8-37 
MAX454 
4-Channel 50MHz Video Multiplexer/Amplifier 
8·37 
MAX455 
8-Channel 50MHz Video Multiplexer/Amplifier 
8-37 
MAX456 
8x8 Crosspoint Video Switch 
8-45 
MAX457 
Dual 70MHz Video Amplifier 
8-47 
MAX900 
Quad High-Speed, low-Power Voltage Comparator 
8-51 
MAX901 
Quad High-Speed, low-Power Voltage Comparator 
8-51 
MAX902 
Dual High-Speed, low-Power Voltage Comparator 
8-51 
MAX903 
Single High-Speed, low-Power Voltage Comparator 
8-51 
MAX905 
High-Speed, Master/Slave 0 - Flip Flop, ECl Voltage Comparators 
8-63 
MAX906 
Dual High-Speed, Master/Slave 0 - Flip Flop, ECl Voltage Comparators 
8-63 


MAX9685 
Ultra-Fast 
ECl 
Output 
Comparator 
with latch 
Enable 
. . 
. . . . . 90NR 4-1 


MAX9686 
Very Fast TIl 
latched 
Output 
Comparator 
. . . . . . . . . . . 
. .. 
90NR 4-5 


MAX9687 
Dual Ultra-Fast 
ECl 
Output 
Comparator 
, 
, . . 
. 
, . . . 
, . 90NR 4-9 


MAX9690 
Ultra-Fast 
ECl 
Output 
Comparator 
. . . . . . 
. .. 
. .. . 
. . . . 
. 90NR 4-13 


MAX9698 
Very Fast TIl 
latched 
Output 
Comparator 
. . . . . . . . . . . . . . . . . . . . . . . . . . 
. .. 
90NR 4-5 


D/A Converters 
MAX500 
CMOS Quad, Serial 
Interface, 
8-Bit D/A Converter 
9-1 
MAX501 
Voltage Output, 12-Bit Multiplying DAC 
9-13 
MAX502 
Voltage Output, 12-Bit Multiplying DAC 
9-13 
MAX505 
CMOS Quad 8-Bit D/A Converters 
9-15 
MAX506 
CMOS Quad 8-Bit D/A Converters 
9-15 
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MAX507 
Voltage Output, 12·Bit DAC with Internal Reference 
9-17 


MAX508 
Voltage Output, 12-Bit DAC with Internal Reference 
9-17 


MAX514 
Quad·CMOS 12-Bit serial Input Multiplying D/A Converter 
9-19 
MAX516 
Quad, DAC-Programmed CMOS Comparators 
9-21 
MAX526 
CMOS Quad 12-Bit Voltage Output D/A Converter 
9-27 
MAX528 
Octal, 8-Bit, Serial DAC 
9·29 


MAX543 
CMOS 12-Bit Serial MUltiplying D/A Converter 
9-31 


MAX7624 
CMOS 8-Bit Buffered 
Multiplying 
D/A Converter 
90DB 2-41 


MAX7645 
CMOS 12-Blt Buffered 
Multiplying 
D/A Converter. 
. 
. 
.oS 


MX565A 
High Speed 
12-Bit Monolithic 
D/A Converter 
with Voltage 
Reference 
90DB 2-1 


MX566A 
High Speed 
12-Bit Monolithic 
D/A Converter 
90DB 2-1 


MX7224 
CMOS Double 
Buffered 
8-Bit D/A Converter 
with Voltage 
Output Amplifier 
90DB 2-9 


MX7225 
CMOS Quad 8-Bit D/A Converter 
with Voltage 
Output 
Amplifier, 
Latches 
90DB 2-19 


MX7226 
CMOS Quad 8-Bit D/A Converter 
with Voltage 
Output Amplifier 
90DB 2-19 


MX7228 
CMOS Octal8-Bit 
D/A Converter 
DS 


MX7520 
CMOS 10-Bit Multiplying 
D/A Converter 
90DB 2-31 


MX7521 
CMOS 12-Bit Multiplying 
D/A Converter 
90DB 2-31 


MX7523 
CMOS 8-Bit Multiplying 
D/A Converter 
90DB 2-37 


MX7524 
CMOS 8-Bit Buffered 
Multiplying 
D/A Converter 
90DB 2-41 


MX7528 
CMOS Dual 8-Bit Buffered 
Multiplying 
D/A Converter 
90DB 2-49 


MX7530 
CMOS 10-Bit Multiplying 
D/A Converter 
90DB 2-61 


MX7531 
CMOS 12-Bit Multiplying 
D/A Converter 
90DB 2-61 


MX7533 
CMOS Low Cost 10-Bit Multiplying 
D/A Converter 
90DB 2-65 


MX7534 
JlP Compatible 
14-Bit D/A Converter 
DS 


MX7535 
JlP Compatible 
14-Bit D/A Converter 
DS 


MX7536 
JlP Compatible 
14-Bit DAC 
..........................................•.............. 
DS 


MX7537 
CMOS Parallel Loading 
Dual 12-Bit Multiplying 
DAC 
DS 


MX7538 
JlP Compatible 
CMOS 14-Bit DAC 
DS 


MX7541 
CMOS 12-Bit Multiplying 
D/A Converter 
90DB 2-71 


MX7541A 
CMOS 12-Bit Multiplying 
D/A Converter 
90DB 2-75 


MX7542 
CMOS 12-Bit JlP Compatible 
D/A Converter 
90DB 2-81 


MX7543 
CMOS 12-Bit Serial Input D/A Converter 
90DB 2-89 


MX7545 
CMOS 12-Bit Buffered 
MUltiplying 
DAC 
90DB 2-97 


MX7545A 
CMOS 
12-Bit Buffered 
Multiplying 
DAC 
DS 


MX7547 
CMOS Parallel Loading 
Dual 12-Bit Multiplying 
DAC 
DS 


MX7548 
CMOS 8-Bit Compatible 
12-Bit DAC 
DS 
MX7549 
CMOS Dual 12-Bit Double-Buffered 
JlP-Compatible 
DAC 


MX7628 
CMOS Dual 8-Bit Buffered 
Multiplying 
D/A Converter 
90DB 2-49 


Display Drivers!Timers/Counters 
MAX7219 
serially Interfaced 8-Digit LED Display Driver 
10-1 
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MAX7231 
8 DigitTriplexed LCD Decoder/Driver 
90DB 7-1 


MAX7232 
10 Digit Triplexed LCD Decoder /Driver 
90DB 7-1 


MAX7233 
4 Character Triplexed LCD Decoder/Driver 
90DB 7-1 


MAX7234 
5 Character Triplexed LCD Decoder/Driver 
90DB 7-1 


ICM7211 
4 Digit LCD Decoder/Driver 
90DB 7-17 
ICM7212 
4 Digit LED Decoder/Driver 
90DB 7-17 
ICM7217 
4 Digit LED Presettable Up/Down Counter 
, 90DB 7-33 
ICM7218 
8 Digit Multiplexed LED Decoder/Driver 
90DB 7-41 
ICM7224 
41/2 Digit LCD High Speed Counter/Decoder/Driver 
90DB 7-53 
ICM7225 
41/2 Digit LED High Speed Counter /Decoder/Driver 
90DB 7-53 
ICM7228 
8 Digit LED Display Driver 
90DB 7-41 
ICM7240 
Programmable RCTimer/Counter 
90DB 8-1 


ICM7242 
Fixed RCTimer/Counter 
90DB 8-1 
ICM7250 
Programmable RCTimer/Counter 
90DB 8-1 
ICM7260 
Programmable RCTimer/Counter 
90DB 8-1 


ICM7555 
Low Power, General Purpose Timer 
90DB 8-9 
ICM7556 
Low Power, General Purpose Dual Timer 
90DB 8-9 
MM74C945 
4 Digit Up/Down Counter/Decoder/Driver 
90DB 7-61 
MM74C947 
4 Digit Up/Down Counter/Decoder/Driver 
90DB 7-61 


Voltage References 
MAX670 
+10V Precision Kelvin Sensed Reference, 3 ppm(C 
90DB 3-1 


MAX671 
+10V Precision Kelvin Sensed Reference. 1 ppm(C 
90DB 3-1 


MAX674 
+1OVPrecision Voltage Reference 
3-1 


MAX675 
+5V Precision Voltage Reference 
3-5 
MX580 
Precision 2.5V Reference 
90DB 3-11 
MX581 
Precision 10VReference 
. 
90DB 3-13 


MX584 
Pin Programmable 10V, 7.5V, 5V, 2.5V, Precision Voltage Reference 
90DB 3-19 
MX2700 
+10V Precision Reference, 3 ppm(C 
90DB 3-25 
MX2701 
-10V Precision Reference, 3 ppm(C 
90DB 3-25 
MX2710 
+10V Precision Reference, 1 ppm(C 
90DB 3-25 
ICL8069 
1.2VVoltage Reference 
90DB 3-29 


REF01 
+10V Precision Voltage Reference 
90DB 3-31 


REF02 
+5V Precision Voltage Reference 
90DB 3-31 


True RAfS-to-DC Converters 
MX536A 
True RMS-to-DCConverter 
90DB 4-1 
MX636 
True RMS-to-DCConverter 
90DB 4-1 
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Appendix 
Package 
Unit Process Flow 
A-ii 


Surface Mount Products 
A-1 


Die and Wafer Sales 
A-2 


Maxim's /883 and /HR Program 
A-4 


Proprietary 
and Second Source Numbering 
System 
A-5 


Package Information 
A-6 
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Analog Multiplexers/Switches 


AN-A 
MAX326 
MAX327 
MAX328 
MAX329 
MAX358 
MAX359 
MAX368 
MAX369 
MAX378 
MAX379 
MXDG401 
MXDG403 
MXDG405 
MXDG411 
MXDG412 
MXDG413 
MXDG417 
MXDG418 
MXDG419 
MXDG421 
MXDG423 
MXDG425 
MXDG441 
MXDG442 
MXDG444 
MXDG445 
HI-508A 
HI-509A 


Fault-Protected 
and Fault-Protecting 
CMOS 
Multiplexers 
1-7 


Quad, 
SPST, Ultra-Low 
Leakage, 
CMOS 
Analog 
Switches 
1-11 


Quad, 
SPST, Ultra-Low 
Leakage, 
CMOS 
Analog 
Switches 
1-11 


Ultra-Low 
Leakage 
Monolithic 
CMOS 
Analog 
Multiplexer 
1-17 


Ultra-Low 
Leakage 
Monolithic 
CMOS 
Analog 
Multiplexer 
1-17 


Fault Protected 
8 Channel 
Multiplexer 
1-25 


Fault Protected 
Differential 
4 Channel 
Multiplexer 
1-25 


Fault Protected 
8 Channel 
Latched 
Multiplexer 
1-37 


Fault Protected 
8 Channel 
Latched 
Multiplexer 
1-37 


High Voltage, 
Fault-Protected 
Analog 
Multiplexer 
1-49 


High Voltage, 
Fault-Protected 
Analog 
Multiplexer 
1-49 


Dual High-Speed 
Analog 
Switches 
1-59 


Dual High-Speed 
Analog 
Switches 
1-59 


Dual High-Speed 
Analog 
Switches 
1-59 


Quad 
SPST Precision 
Analog 
Switches 
1-61 


Quad SPST Precision 
Analog 
Switches 
1-61 


Quad SPST Precision 
Analog 
Switches 
1-61 


Precision 
MiniDIP 
Analog 
Switches 
1-63 


Precision 
MiniDIP 
Analog 
Switches 
1-63 


Precision 
MiniDIP 
Analog 
Switches 
1-63 


Dual CMOS 
Analog 
Switches 
1-65 


Dual CMOS 
Analog 
Switches 
1-65 


Dual CMOS 
Analog 
Switches 
1-65 


Quad SPST Analog 
Switches 
1-67 


Quad SPST Analog 
Switches 
1-67 


Quad SPST Analog 
Switches 
1-69 


Quad SPST Analog 
Switches 
1-69 


Fault Protected 
8 Channel 
Multiplexer 
1-25 


Fault Protected 
Differential 
4 Channel 
Multiplexer 
1-25 


IJI 


MUX&SWITCH 


IpA Muxes & Switches 
Reduce 


~rs 
from High-Impedance 
Sources 


Add 110V ACFault Protection with Ex:temal40kQ Resistors 


For data-acquisition 
systems 
that 
require 
up to 
16-bits accuracy over temperature. 
the MAX326/MAX327 
CMOS switches 
and 
MAX328/MAX329 
CMOS multi- 
plexers 
(muxes) offer IpA typical leakage 
currents-at 
least 
10 times lower than 
any other 
analog 
switch 
or 
mux 
available 
today. 
Low leakage 
improves 
system 
accuracy 
by reducing 
the voltage 
error across 
source 
impedances 
and on-resistances. 
It also allows the use of 
high-value 
input resistors 
to protect against 
input over- 


voltage-40lill 
protects 
against 
IIOV AC faults 
while 
adding 
only 40nV of error with IpA input leakages. 
In 
addition. 2pC charge injection is 3 times lower than other 
available multiplexers. 


And to lower system costs while allowing maximum 
design 
flexibility. 
the MAX326/MAX327 
operate 
from 
both single (+lOV to +30V) and dual (±5Vto ±18V) power 
supplies. 
DI 


Muxes Withstand +75V Fault Voltages 
Only Nanoamperes 
of Input Current Under All Fault Conditions 


If your data-acquisition 
system 
requires 
protection 


against power-supply shutdown 
and/ or overvoltage signals 


"CHANNEL 
1 'NPUT 
on both input and output pins. 
Maxim's new MAX378 and 


:~o~~~t"NEL) 
MAX379 multiplexers 
(muxesl 
are 
the 
solution. 
They 


withstand 
overvoltages 
of ±60V while operating. 
or ±75V 


with the power supplies 
off. 


The MAX378 is an 8-chan- 
ANALOG 
ne!. 
single-ended 
mux: 
the 
DESIGN GUIDE 


(O~~~~;N2~~~UT 
MAX379 is a 4-channeI. 
differ- 


(150Vp.p) 
ential mux. 


These muxes feature a se- 
ries 
N-channel/P-channel/N- 
channel 
MOSFET 
structure 
that 
provides 
additional 
fault 
protection. 
If the supplies 
are 
turned 
off while input voltages 
are still present. 
all input chan- 


nels turn off. resulting 
in mere 
nano-amperes 
of input leakage current. 
Less t.han 2nA leakage dUring overvolt- 
age means 
that "on" channels 
are unaffected 
by overdrawn 
"off' channels 
and 
can still be measured. 
The Maxim switch structure 
not only protect.s itself. it 
protects 
downstream 
circuitry 
and upstream 
signal sources 
as well. 


To demonstrate 
the ruggedness 
of the MAX378. an oN chan- 
nel (CH2) Is overdrlven 
with a 150Vp-p AC signal. 
This chan- 
nel survives, and the adjacent on channel (CH1) Is unaffected 
during this abuse. 


Interface Products 


Dp Amps 


DC-DC Converters. 
Power Su 
lies 


llP Supervisory 


Analog Filters 


AID Converters 


High Speed: 
Video, Com arators 


DIA Converters 


Maxim's Military Program 


Maxim's MIL-STD-883 
(/883) program 
tests the devices 
per 


Method 5004 and performs 
Quality 
Conformance 
Inspection 
per 


Method 5005, Groups 
A, B, C, and D. As a result, 
Maxim's /883 


products 
comply fully with paragraph 
1.2.1 of MlL-STD-883. 
For complete 
electrical 
specifications 
on the available 
/883- 


compliant 
products, 
use the enclosed 
response 
card to request 


Maxim's 
MUitary 
Products 
Data 
Book. 


MAX388/389 
High-Voltage, 
Fault-Protected Muxes 
with Latches 
Features: 


Parts currently /883 
Parts currently under /883 
• ±75V Max Overvoltage 
compliant: 
qualification: 
Protection 
with Supplies 
Off; 


MAXI54AMRG 
MX752 lUg 
DG200AAA 
MAX3lOMJE 
±60V Max with Supplies 
On 


MAXI54BMRG 
MX7521TQ 
DG200AAK 
MAX311MJE 
• Internal Channel-Address Latches 
MAXI 58AMJI 
MX7521S{;l 
DG20lAAK 
MAX333MJP 
• All Channels 
Turn Off When 
MAXI 58BMJI 
MX7524Ug 
DG202AK 
MAX334MJE 
Power Supplies 
are Off 
MAXI60MJN 
MX7524TQ 
DG300AAA 
MAX358MJE 
MAX I 62CMRG 
MX7524S{;l 
DG300AAK 
MAX359MJE 
• No Supply-Current 
Increase 
MAX231MJD 
MX7528Ug 
DG30lAAA 
MAX543BMJA 
During Fault Conditions 
MAX232MJE 
MX7528TQ 
DG301AAK 
MAX663MJA 


MAX232MLP 
MX7528Sg 
DG302AAK 
MAX690MJA 
• Only Nanoamperes 
of Input 


MAX233MJP 
MX7533ug 
DG303AAK 
MAX69IMJE/MLP 
Current 
Under All Fault 


MAX674MJA 
MX7533TQ 
DG304AAA 
MAX692MJA 
Conditions 
MAX674MlV 
MX7533S{;l 
DG304AAK 
MAX693MJE/MLP 
• Operate 
From ±4.5V to ±18V 
MAX675MlV 
MX7541Sg 
DG305AAA 
MAX694MJA 


MAX675MJA 
MX7541TQ 
DG305AAK 
MAX695MJE 
Supplies 


MAX8211MJA 
MX754IASQ 
DG306AAK 
MAX696MJE 
• Latchup-Proof 
Construction 
MAX8211MlV 
MX7541ATQ 
DG307AAK 
MAX697MJE 
MAX82I 2MJA 
MX7542GTQ 
DG381AAA 
MAX7645AM/BMJP 
MAX8212MlV 
MX7542TQ 
DG381AAK 
MAX8211MlV 
MXDG400 Family 
MX580SH 
MX7542S{;l 
DG384AAK 
MAX82l2MlV 
MX580TH 
MX7572Sg05 
DG387AAA 
MX536A 
1nJuly 1991, Maxim will begin 


MX580UH 
MX7572S{;l12 
DG387AAK 
MX574A 
the introduction 
of 18 new analog 
MX581TH 
MX7824Ug 
DG390AAK 
MX7224 
switches and multiplexers. 
(See the 
MX581SH 
MX7824TQ 
DG506AAK 
MX7543 
MX584TH 
MX7828ug 
DG507AAK 
MX7545 
following pages for a complete list of 


MX584SH 
MX7828TQ 
DG508AAK 
MX7548 
products 
and 
their 
key specifica- 
MX584TE 
REF01AJ 
DG509AAK 
MX7574 
tions.) 


MX584SE 
REF01AZ 
DG528AK 
MX7574 
The MXDG400 family features 
MX7225Ug 
REF01J 
DG529AK 
MX7628 
MX7225TQ 
REF01Z 
IH6108MJE: 
OP07AJ 
low 
leakage 
(0.25nA 
max, 


MX7226Tg 
REF02AJ 
1H6208MJE: 
OP07AZ 
MXDG401-425] and fast switching 
MX7520ug 
REF02AZ 
IH6116MJI 
OP07J 
speeds 
(t(OFF) 
= 
lOOns 
max, 


MX7520TQ 
REF02J 
IH6216MJI 
OP07Z 
MXDG401-405), offering greater ac- 
MX7520Sg 
REF02Z 
MAXl70BMJA 
curacy at a price comparable to pre- 


DESC approved devices to Standard Military Drawings (SMDs) 


vious 
generations. 
Extremely-low 


charge 
injection 
(lpC 
typ, 
currently available: 
MXDG441/442] 
minimizes 
sig- 


llMI!I 
MAXIM 
PIN 
llMI!I 
MAXIM PIN 
nal distortion, 
while low on-resis- 


5962-8987701M 
MAX232MJE: 
5962-8876401 LA 
MX7824TQ 
tance 
(350 
max. 
MXDG401-425) 


5962-898770l2C 
MAX232MLP 
5962·8876402LA 
MX7824Ug 
reduces 
signal error, for increased 


8551401GC 
REF02AJ 
5962·8876403XA 
MX7828TQ 
performance 
and 
reliability. Many 
8551401PA 
REF02AZ 
5962-8876404XA 
MX7828Ug 
devices can also operate from single 
5962-8958101 GC 
REF01AJ 
5962-8759101 LA 
MX7572SQ12 
supplies 
for application 
in battery- 
5962-8958IOIPA 
REFOIAZ 
5962-8759102LA 
MX7572TQ12 
powered 
systems. 
And 
Maxim's 
5962-8958 102GC 
REFOIJ 
5962·8759104LA 
MX7572Sg05 
5962-8958l02PA 
REFOIZ 
5962-8759105LA 
MX7572TQ05 
wide range of package options will 


5962-8948101VA 
MX754IASQ 
5962-8961603VA 
MX7574TQ 
include skinny DIP and small out- 
5962·89481012C 
MX7541ASE: 
5962-896 I 6032C 
MX7574TE: 
line for surface-mount 
applications. 
5962-8948102VA 
MX7541ATQ 
5962-896 I 604VA 
MX7574S{;l 


5962-89481022C 
MX754IATE: 
5962-896 I 6042C 
MX7574SE: 


Analog Switches 


Plug-In 
Supply 
Current 
Pricet 
Part 
Upgrade 
rOS(ON) 
ID(OFF) 
t(ON) 
t(OFF) 
VlLiVIH 
1+/1- 
1000-up 
Number 
Function 
for 
(0 max) 
(nAmax) 
(ns 
max) 
(ns 
max) 
(V) 
(mAmax) 
($) 


MAX326 
4SPSTNO 
DG201A/211 
2500 
0.Q1 
1000 
500 
0.8/2.4 
0.25/0.1 
3.63 


MAX327 
4 SPST NC 
DG202/212 
2500 
0.Q1 
1000 
500 
0.8/2.4 
0.25/0.1 
3.63 


MAX331 
4 SPST NC 
DG201A/211 
175 
1 
600 
450 
0.8/2.4 
0.01/0.01 
6.73 


MAX332 
4 SPST NO 
DG202/212 
175 
I 
600 
450 
0.8/2.4 
0.01/0.01 
6.73 


MAX333 
4SPDT 
DG211&DG212Pair 
175 
5 
1000 
500 
0.8/2.4 
0.25/0.25 
4.47 


MAX334 
4 SPST NC 
DG20IA/211 
50 
I 
100 
50 
0.8/3.0 
3.20 


MXDG401 
2 SPST NO 
IH5041 
35 
0.25 
150 
100 
0.8/2.4 
0.001/0.001 
tt 


MXDG403 
2SPDT 
IH5043 
35 
0.25 
150 
100 
0.8/2.4 
0.001/0.001 
tt 


MXDG405 
2DPSTNO 
IH5045 
35 
0.25 
150 
100 
0.8/2.4 
0.001/0.001 
tt 


MXDG411 
4 SPST NC 
DG20IA-2/211-12 
35 
0.25 
175 
145 
0.8/2.4 
0.001/0.001 
tt 


MXDG412 
4 SPST NO 
DG20IA-2/211-12 
35 
0.25 
175 
145 
0.8/2.4 
0.001/0.001 
tt 


MXDG413 
4SPST 
35 
0.25 
175 
145 
0.8/2.4 
0.001/0.001 
tt 


MXDG417 
SPSTNC 
35 
0.25 
175 
145 
0.8/2.4 
0.001/0.001 
tt 


..• 
MXDG418 
SPSTNO 
35 
0.25 
175 
145 
0.8/2.4 
0.001/0.001 
tt 


W 
MXDG419 
SPDT 
35 
0.25 
175 
145 
0.8/2.4 
0.001/0.001 
tt 


MXDG421 
2 SPST NO (latches) 
35 
0.25 
250 
200 
0.8/2.4 
0.001/0.001 
tt 


MXDG423 
2 SPDT (latches) 
35 
0.25 
250 
200 
0.8/2.4 
0.001/0.001 
tt 


MXDG425 
2 DPST (latches) 
35 
0.25 
250 
200 
0.8/2.4 
0.001/0.001 
tt 


MXDG441 
4 SPST NC 
DG201A/202 
80 
0.5 
250 
120 
0.8/2.4 
0.1/0.001 
tt 


MXDG442 
4 SPST NO 
DG201A/202 
80 
0.5 
250 
120 
0.8/2.4 
0.1/0.001 
tt 


MXDG444 
4 SPST NC 
DG211/212 
85 
0.5 
250 
120 
0.8/2.4 
0.001/0.001 
tt 


MXDG445 
4 SPST NO 
DG211/212 
85 
0.5 
250 
120 
0.8/2.4 
0.001/0.001 
tt 


DG200A 
2SPSTNC 
DG200A 
70 
2 
1000 
500 
0.8/2.4 
0.3/0.01 
1.78 


DG201A 
4 SPST NC 
DG20lA 
175 
I 
600 
450 
0.8/2.4 
0.1/0.1 
1.97 


DG202 
4 SPST NO 
DG202 
175 
1 
600 
450 
0.8/2.4 
0.1/0.1 
2.21 


DG211 
4SPSTNC 
DG211 
175 
5 
1000 
500 
0.8/2.4 
0.1/0.1 
1.47 


DG212 
4SPSTNO 
DG212 
175 
5 
1000 
500 
0.8/2.4 
0.1/0.1 
1.47 


DG300A 
2 SPST NC 
DG300A 
50 
I 
300 
250 
0.8/4.0 
0.5/0.1 
2.15 


DG30IA 
SPDT 
DG30IA 
50 
1 
300 
250 
0.8/4.0 
0.1/0.1 
2.15 


DG302A 
2DPSTNC 
DG302A 
50 
1 
300 
250 
0.8/4.0 
0.1/0.1 
2.78 


DG303A 
2SPDT 
DG303A 
50 
I 
300 
250 
0.8/4.0 
0.1/0.1 
2.78 


-Continued 
on the next page- 


t Prices 
provided 
are for design 
guidance 
only and are FOB USA. 
International 
prices 
will differ 
due 
to local duties, 
taxes, and 
exchange 
rates. 
H Future products - contact factory for pricing and availability. 
I 


Analog Switches (continued) 


Plug-In 
Supply 
Current 
Pricet 
Part 
Upgrade 
rOS(ON) 
IO(OFF} 
t(ON) 
t(OFF) 
VILNIH 
1+11- 
1000-up 
Number 
Function 
for 
(11 max) 
(nAmax) 
(ns max) 
(ns 
max) 
(V) 
(mAmax) 
($) 


DG304A 
2SPSTNC 
DG304A 
50 
I 
250 
150 
3.5/11 
0,1/0.1 
2,42 


DG305A 
SI'DT 
DG305A 
50 
I 
250 
150 
3.5/11 
0.1/0.1 
2.55 


DG306A 
2DPSTNC 
DG306A 
50 
I 
250 
ISO 
3.5/11 
0,1/0,1 
4,06 


DG307A 
2SPDT 
DG307A 
50 
I 
250 
150 
3.5/11 
0,1/0,1 
2,78 


DG308A 
SI'STNO 
DG308A 
100 
I 
200 
150 
3,1/11 
0,1/0,1 
2,16 


DG309 
SPSTNC 
DG309 
100 
I 
200 
150 
3.5/11 
0,1/0,1 
2.16 


HI201 
4SPSTNO 
HI201 
70 
5 
400 
300 
0,8/2,4 
0,3/0,1 
2,00 


DG381A 
2SPSTNO 
DG381A 
50 
I 
300 
250 
0,8/4,0 
0,1/0.1 
3,24 


DG384A 
2DI'DTNC 
DG384A 
50 
I 
300 
250 
0,8/4,0 
0.1/0,1 
4,06 


DG387A 
SPDT 
DG387A 
50 
I 
300 
250 
0,8/4,0 
0.1/0,1 
3,24 


DG390A 
2SPDT 
DG390A 
50 
I 
300 
250 
0,8/4,0 
0.1/0.1 
3,26 


IH5041 
2 SPST NC 
IH5041 
75 
I 
400 
200 
0,8/2,4 
0,001/0,001 
1.84 


IH5043 
2SPDT 
IH5043 
75 
I 
400 
200 
0,8/2,4 
0,001/0,001 
2,36 


IH5045 
2DPSTNC 
IH5045 
75 
I 
400 
200 
0,8/2,4 
0,001/0,001 
2,44 


IH5047 
2DPSTNC 
IH5045 
75 
I 
400 
200 
0,8/2,4 
0,001/0,001 
2.44 
.. 
A 
Analog Multiplexers 


Plug-In 
Analog-Signal 
Pricet 
Part 
Upgrade 
fOS(ON) 
IO(OFF) 
t(ONjll{OFF} 
Voltage 
Range 
1000-up 


Number 
Function 
for 
(11 max) 
(nAmax) 
(~s max) 
(V) 
Features 
($) 


MAX328 
l-of-8 
DG508 
2500 
0,02 
I 
±15 
Ultra-low 
leakage 
4,72 


MAX329 
2-of-8 
DG509 
2500 
0,02 
1 
±15 
Ultra-low 
leakage 
4,72 


MAX358 
l-of-8 
DG508, 
H[S08A 
1500 
1,0 
.5 
-12.5 to +13.5 
Fault 
protected 
to ±35V 
5,48 


MAX359 
2-of-8 
DG509, HI509A 
1500 
1,0 
.5 
-12.5 to +13.5 
Fault 
protected 
to ±35V 
5,48 


MAX368 
l-of-8 
DG528 
1500 
2 
1.5/1.0 
-12.5 to +13,~ 
Fault 
protected 
with 
latches 
to ±35V 
6,36 


MAX369 
2-of-8 
DG529 
1500 
1.0 
1.5/1.0 
-12.5 to +13.5 
Fault 
protected 
with 
latches 
to ±35V 
6,36 


MAX378 
l-of-8 
DG508, 
HI508A 
3000 
1.0 
,75/.5 
-12.5 to +13.5 
Fault 
protected 
to ±75V 
11,31 


MAX379 
2-of-8 
DG509, 
HI509A 
3000 
1.0 
,75/.5 
-12.5 to +13.5 
Fault 
protected 
to ±75V 
11.31 


MAX388 
l-of-8 
DG528 
3000 
1.0 
I 
-12.5 to +13.5 
Fault 
protected 
with 
latches 
to ±35V 
13.54 


MAX389 
2-of-8 
DG529 
3000 
1.0 
I 
-12,5 to +13.5 
Fault 
protected 
with 
latches 
to ±35V 
13.54 


-Continued 
on the next page- 


t Prices provided are for design guidance only and are FOB USA. International prices will differ due to local dutics, taxes, and exchange rates. 


Analog Multiplexers (continued) 


Plug-In 
Analog-Signal 
Prlcet 
Part 
Upgrade 
rOS(ON) 
IO(OFF) 
t(ON)/t(OFF) 
Voltage 
Range 
lOOO·up 
Number 
Function 
lor 
(0 maxI 
(nAmax) 
(l1smax) 
(V) 
Features 
($) 


MX7501 
l-of-8 
AD7501 
300 
5 
1.5/1.0 
±15 
Plug-in 
replacement 
for AD7501 
5.00 


MX7502 
2-of-8 
AD7502 
300 
3 
1.5/1.0 
±15 
Plug-in 
replacement 
for AD7502 
5.00 


MX7503 
1-of-8 
AD7503 
300 
5 
1.5/1.0 
±15 
Plug-in 
replacement 
for AD7503 
5.00 


MX7S06 
1-of-16 
AD7S06 
400 
5 
1.5/1 
±15 
Plug-in 
replacement 
for AD7506 
9.20 


MX7507 
2-of-16 
AD7507 
400 
5 
1.5/1 
±15 
Plug-in 
replacement 
for AD7507 
9.20 


MXDG406 
1-of-16 
DG506A 
100 
2 
.2/.15 
±15 
Plug-in 
replacement 
for DGS06A 
tt 


MXDG407 
2-of-16 
DG507A 
100 
2 
.2/.15 
±15 
Plug-in 
replacement 
for DG507 A 
tt 


MXDG408 
1-of-8 
DG508A 
100 
0.5 
0.150 
±15 
Plug-in 
replacement 
for DG508A 
tt 


MXDG409 
2-of-8 
DG509A 
100 
0.5 
0.150 
±15 
Plug-in 
replacement 
for DG509A 
tt 


DGS06A 
l-of-16 
DGS06A 
400 
5 
1/.4 
(typ) 
±15 
Industry standard 
5.63 


DG507A 
2-of-16 
DG507A 
400 
5 
1/.4 
(typ) 
±15 
Industry standard 
5.57 


DGS08A 
l-of-8 
DG508A 
300 
2 
1/1.7 
±15 
Industry 
standard 
3.23 


DG509A 
2-of-8 
DG509A 
300 
2 
1/1.7 
±15 
Industry 
standard 
3.23 


;" 
DG528 
l-of-8 
DG528 
400 
10 
1.5 
±15 
Industry 
standard 
3.57 


en 
DG529 
2-of-8 
DG529 
400 
10 
1.5 
±15 
Industry 
standard 
3.57 


HlS08A 
l-of-8 
HI508A 
1500 
2 
.5 
-12.5 to +13.5 
Fault 
protected 
5.88 


HI509A 
2-of-8 
HI509A 
1500 
2 
.5 
-12.5 to +13.5 
Fault 
protected 
5.88 


IH5108 
UseMAX358 


IH5208 
UseMAX359 


IH6108 
UseDG508A 


IH6208 
UseDG509A 


IH6116 
UseDGS06A 


IH6216 
UseDG507A 


HlS06 
UseDG506A 


HI507 
UseDG507A 


HlS08 
UseDGS08A 


HI509 
UseDG509A 


t Prices 
provided 
are for design 
guidance 
only 
and are R:>B USA. 
International 
prices 
will differ 
due 
to local duties, 
taxes, 
and 
exchange 
rates. 


tt Future 
products 
- contact 
factory 
for pricing 
and 
availability. 
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APPLICATION 
NOTE 
~1I1~JXI~1I1 


Fault·Protected and Fault·Protecting 


CMOS Multiplexers 


Selecting an analog multiplexer (mux) for a measurement 
system involves more than just getting the pinouts and 
the number 
of channels 
right. Input signals 
(often im- 
ported 
from 
beyond 
the 
well-controlled 
world 
of the 
designer's 
printed circuit board) may sometimes exceed 


the supply voltages, and the supply voltages may be off 
(or on) at inopportune 
times. These conditions 
are called 
faults, and successful 
designs are "fault protected." 


A suitable 
mux not only survives, 
but prospers 
in this 


environment. 
Its task is to switch the signals while pro- 
tecting signal sources and the signals' destination. 
If the 
system involves redundancy 
(if the sources connect 
to 
several 
destinations 
simultaneously) 
the mux's task is 


compounded. 


As an example, consider a hydraulic pressure transducer 
(strain-gauge 
bridge) 
in an aircraft, connected 
to a mul- 
tiplexed 
alarm circuit and a multiplexed 
computer 
input. 


The typical 
strain gauge 
is a resistive 
bridge 
with 10V 
applied 
and produces 
0 to 50mV across the differential 
bridge arms, approximately 
5V above ground. The alarm 
circuit is fed by a mux that scans several such transduc- 
ers, and it actuates 
when the differential 
voltage of any 
channel exceeds 
the preset value. 


The same differential voltages feed an independent 
com- 
puter-driven 
mux that drives a cockpit display. Either mux 
must continue to operate if the other fails. Moreover, both 
must block the effect of a failed transducer, 
whose termi- 
nals can 
then 
source 
the full aircraft-battery 
voltage 
(28V). The alarm mux, computer 
mux, and transducers 
are interconnected 
by several connectors 
and many feet 


of unshielded 
wire, bundled 
in harnesses. 


To further complicate 
the mux's job, a pilot can remove 
or apply 
power 
to any transducer 
during 
flight. 
And 
during 
maintenance, 
the connectors 
may be discon- 
nected 
and 
reconnected 
while 
power 
to the various 
modules 
is either 
on or off. Because 
mux 
inputs 
tie 
directly 
to the connector 
pins, the mux must cope with 
harsh extremes of voltage: 


• 
High voltage with power off - If one or more signal 
sources are energized while one mux is de-energized, 
that mux must not only avoid damage; 
it must also 
present 
high-impedance 
inputs 
that don't 
load the 
signal sources. It must maintain both forms of isolation 
whether power is on or off and during the transducer 
failure modes that apply 28V to its terminals. 


• 
High voltage with power on - When a mux's inputs 
are exposed 
to voltages 
that exceed 
its supplies 


(typically±15V), 
the mux must protect itself as well as 
the op amp or other circuit 
connected 
to its output. 


Two cases apply: 


- 
High voltage 
on the selected 
channel 
- The 
mux's inputs must not draw excessive 
current 
when voltage 
in the selected 
(on) channel 
ex- 
ceeds 
the mux supply 
voltage. 
The mux also 


must limit VOUT to a safe level under these con- 
ditions. 


- 
High voltage at an off channel - When voltage 
in excess 
of the supply 
is applied 
to an off 
channel, the mux must limit its input current while 
blocking 
feedthrough 
to the output. 


A mux's protection 
can be included 
on chip or supplied 
externally. The traditional external scheme of Figure 1, for 
example, 
provides 
a current-limiting 
resistor 
and 
two 


shunt diodes 
for each 
channel 
(one channel 
shown). 


When a positive voltage at any input attempts to exceed 
the 12V zener voltage, the top diode turns on and clamps 
the mux 
input 
just 
above 
12V. A similar 
mechanism 


handles negative inputs below -12V. 


Though protection 
is excellent, 
the Figure 1 circuit uses 


discrete 
components. 
The method 
also places 
certain 


MULTIPLEXER 


INl 
OUT 


0 
0 
0 
0 
0 
+15V 


0 
-15V 


= 


/&lI/J 
X 1/&11 


/vl/J )( I/vl is a registered 
trademark 
of Maxim Integrated 
Products. 


Fault·Protected and Fault·Protecting 
CMOS Multiplexers 


constraints 
on design, 
notably high current during fault 
conditions 
and diode-contributed 
leakage currents in the 
signal paths during normal operation. 
If this circuit were 
operating 
in the aircraft system, fault currents 
resulting 
from the turn-off 
of one mux would 
completely 
disrupt 


signals at the other mux. 


A variation 
of the Figure 1 approach 
employs 
PN junc- 


tions inherent in the CMOS multiplexer 
chip in place of 


the external diodes, and adds an external resistor to each 
channel 
as before 
(Figure 
2). The resistor value must 
provide adequate 
protection, 
but too high a value allows 
unacceptable 
voltage errors due to leakage current from 


the mux, especially 
at high temperatures. 


Lower-value 
resistors 
minimize 
the error, but they also 
allow higher fault currents and may not provide adequate 
protection. 
(One manufacturer 
recommends 
low-valued 


resistors that allow high fault currents, 
but lets the user 
discover 
that the chip's 
power-dissipation 
limit won't 
allow 
simultaneous 
protection 
of all inputs.) 
With few 


exceptions, 
the compromise 
of accuracy 
and protection 


imposed by a diode-resistor 
network is not acceptable 
in 


the aircraft-system 
example mentioned 
above. 


One such exception 
is the combination 
of external resis- 


tors 
with 
an 8-channel 
MAX328 
or dual 
4-channel 


MAX329 mux. These CMOS devices have ultra-low leak- 
age: less than 3pA typical 
at +25C, rising to less than 


20nA maximum 
at +125C. 
Low leakage 
allows use of 


relatively high-valued 
series resistors. A 100kO resistor, 


for instance, produces 
errors of 0.3~V at +25C and 2mV 


at + 125C. The same resistor loads a 5V source by only 
50~ 
when power is removed from the mux. 


A nearly identical calculation 
shows that only 1.1mA flows 


in the internal protection diodes when you apply 110 VAC 
to the input resistor. This fault current is well below the 
allowed 
maximum 
(10mA 
continuous). 
It shows 
little 


change whether the mux power is on or off and makes a 
negligible 
contribution 
to power dissipation. 


But before you specify 1OOkOresistors, keep in mind that 
error voltage depends 
on total current through the resis- 


tor, including (for example) input bias current from the op 
amp following 
the mux. What's more, the resistor com- 


bines with parasitic shunt capacitance 
to form a lowpass 


RC filter that may limit bandwidth. 
A more 
important 


limitation, the on-channel 
error caused 
by fault current 


flowing in an off channel, causes this configuration 
to fall 


short of design objectives 
in the aircraft example. 


All design objectives 
can be met without external com- 


ponents, 
however, 
using the 8-channel 
MAX378 or the 


dual 
4-channel 
MAX379 
high-voltage, 
fault-protected 


mux. These devices have three MOSFETs (FETs) in series 
between each input and the output (one P-channel 
be- 


tween two N-channel devices). 


Each FET is biased and driven in a manner that affords 
nearly perfect protection 
whether the power is on or off. 


Inputs and output(s) are protected 
to ±60V with power on 


and to ±75V with power 
off. (Protection, 
in this case, 


means that any mux input becomes a virtual open circuit 
when 
connected 
to a voltage 
exceeding 
the supply, 


regardless of whether the input is selected or whether the 
mux power is on.) 


Figure 3 is a test circuit for measuring 
off-channel 
input 


voltage vs. the resulting input leakage current. 
Data for 


the MAX378 (Figure 4) shows that input leakage during 
fault conditions 
is less than 20nA. A voltmeter at the mux 


output 
shows the effect of off-channel 
leakage 
on the 


selected 
channel. The effect with 100kO input resistors 


(less than 0.1 mV) is hardly noticeable. 


Fault-Protected and Fault-Protecting 


CMOS Multiplexers 


VOUT is limited by internal clamps 
to approximately 
3V 
less than the supply rails, and ranges between ±12V with 
±15V supplies. 
VOUT collapses 
to OV when the power is 
off. 


Because MAX378/379 
inputs and outputs are symmetri- 
cal 
and 
interchangeable, 
they 
are equally 
protected 
against applied fault voltages. Series current-limiting 
re- 
sistors are absent, so error voltages develop only across 
the internal FET's rOS(ON),3kQ total. Compared 
with the 
MAX328/329, 
the MAX378/379 
can therefore 
operate 
with op amps of higher input bias current. 


The latest generation 
of ultra-low-leakage 
analog muxes 
has simplified 
the design 
process 
considerably 
by ex- 
panding options and reducing 
limitations. New fault-pro- 
tected analog muxes have transformed the process from 
one of circurt design to one of parts selection. 
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QuadJ SPSTJ Ultra-Low LeakageJ 


CMOS Analog Switches 


_______ 
General 
Description 


The 
MAX326/MAX327 
quad. 
single-pole-single-throw 
(SPST), 
CMOS 
analog 
switches 
upgrade 
the 
DG201A/DG202 
and 
DG211/DG212 
with 
at 
least 


100 times 
less 
leakage-the 
MAX326/MAX327 
have 
1OpA maximum leakage, while the DG201 A/DG202 have 
1000pA 
and 
the 
DG211/DG212 
have 
5000pA 
Low 
leakage 
currents 
support 
high 
system 
accuracy 
and 


make the devices useful for switching into high impedan- 
ces, such as large-value 
feedback 
resistors 
in closed- 


loop gain configurations. 
And the MAX326/MAX327 
logic 


inputs are CMOS and TIL compatible. 


The MAX326/MAX327's 
low charge 
injection 
(3pC typ) 
minimizes 
signal error. 
Operation 
from single supplies 


(+10V to +30V), dual supplies 
(±5V to ±18V). and un- 


balanced 
combinations 
(i.e. + 12V and -5V, or +5V and 
-15V) maximizes design flexibility. Both parts also feature 
interchangeable 
inputs/outputs 
and Maxim's 
standard 
latchup-proof 
construction. 


Extremely low power consumption 
(5.25mW max) makes 
the 
MAX326/MAX327 
ideal 
for portable 
applications. 
Other 
programmable 
applications 
include 
integrators 
with 
long 
RC time 
constants, 
current-to-voltage 
con- 


verters. high-gain 
amplifiers. 
and voltage dividers. 


__________ 
Applications 


PBX, PABX 
Heads-Up 
Displays 


Military Radios 
Test Equipment 


Sample-and-Hold 
Circuits 


Winchester 
Disk Drives 


Communication 
Systems 


Guidance 
and Control Systems 


____ 
Typical 
Operating 
Circuit 


• 
10pA Max Leakage «1pA 
Typ) 


• 
Plug-In, Low-Leakage 
Upgrades for 


DG201A1DG202 and 
DG211/DG212 


• 
Interchangeable 
Inputs/Outputs 


• 
CMOS and TTL Compatible 


• 
3pC Typ Charge Injection 


• 
Single- (+10V to +30V), Bipolar- (±5V to ±18V), or 
Unbalanced- (i.e. +12V and -5V) Supply Operation 


• 
5.25mW Max Power Consumption 


• 
Latchup-Proof 
Construction 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MAX326CPE 
OT to +70T 
16 Plastic DIP 


MAX326CSE 
O'C to +70'C 
16 Narrow SO 


MAX326CJE 
O'C to +70'C 
16CERDIP 


MAX326C/D 
O'C to +70'C 
Dice" 


MAX326EPE 
-40'C to +85T 
16 Plastic DIP 


MAX326ESE 
-40'C to +85'C 
16 Narrow SO 


MAX326EJE 
-40'C to +85'C 
16 CERDIP 


MAX326MJE 
-55'C to + 125'C 
16 CERDIP" 


, 
Contact factory for dice specifications. 


" Contact factory for avaitabifity and processing 
to MIL-STD-883. 


Ordering 
Information 
continued 
on page 6 


MAX326 
LOGIC 
SWITCH 
o 
ON 


1 
OFF 


MAX327 


LOGIC 
SWITCH 
1 
ON 
o 
OFF 


PROGRAMMABLE 
RC-T1ME 
CONSTANT 
INTEGRATOR 
RC = 1ms TO 1OOms IN FOUR STEPS 


'NOTE: 
PINS I, 8, 9, AND 16ARE CHANNEL -CONTROL 
PINS 


/&lI/J 
X 1/&11 
Maxfm Integrated 
Products 
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Quad, SPST, Ultra-Low Leakage, 
CMOS Analog Switches 


ABSOLUTE MAXIMUM RATINGS 
v+ to v- 
VIN toGND. 
Vs, Vo (Note 1) . 
V+ to GND (V- = oV) 
Current (any terminal, except S or D) 
Continuous 
Current, S or D 
P(lak Current, S or D 
(pulsed 
at 1ms, 10"10 duty cycle max) 
Continuous 
Total Power Dissipation 
(Note 2) 
16-Pin Plastic DIP (derate 7.5mWrC above +70'C) 
. 
16-Pin Narrow SO (derate 10mWrC above +70'C) 
16-Pin CERDIP (derate 10mWrC above +70'C) 


Operating 
Temperature 
Ranges: 


MAX32_C 
MAX32 
E 
MAX32_ 
MJE. 
Storage Temperature 
Range 
Lead Temperature 
(soldering, 
10 see) 


+4oV 
V-, V+ 
(V- - 0.3V) to (V+ + 0.3V) 
+40V 
30m A 
20mA 
70mA 


o'C to +7o'C 
. -4o'C to +B5'C 


. .. -55'C to +125'C 


-65'C to +150'C 


......... 
+30o'C 


470mW 
400mW 
900mW 


Stresses 
beyond 
those listed under 
"Absolute Maximum 
Ratings· 
may cause 
permanent 
damage 
to the device. 
These are stress ratings only, and functional 
operation 
of the device 
at these or any other conditions 
beyond 
those indicated 
in the operational 
sections 
of the specifications 
IS not implied. 
Exposure 
to 
absolute 
maximum 
rating conditions 
for extended 
periods 
may affect device 
reliability. 


ELECTRICAL CHARACTERISTICS 


(V+ = 15V, v- = -15V, TA = +25'C, 
unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MAX32_M 
MAX32_C/E 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


SWITCH 


Analog-Signal 
Range 
VANALOG 
TMINtoTMAX 
±15 
±15 
V 


VIN = o.BV (MAX326), 
TA=+25'C 
1.5 
25 
1.5 
3.5 


Drain-Source 
On Resistance 
rOS(ON) 
VIN = 2.4V (MAX327), 
kn 


Vo = ±10V, IS = 1OoJ.lA 
TMIN to TMAX 
22 
4 
19 
5 


On-Resistance 
Match 
TA=+25'C 
5 
5 
"10 


VIN = 2.4V (MAX326), 
TA=+25'C 
01 
±1o 
0.1 
±2o 
pA 


VIN = o.BV (MAX327), 


TMINto TMAX 
±5 
±5 
nA 
Source-Off 
Leakage 
Current 
Vs = 14V, Vo = -14V 


(Note 3) 
IS(OFF) 
VIN = 2.4V (MAX326), 
TA=+25'C 
02 
±1o 
0.2 
±2o 
pA 


VIN = o.BV (MAX327), 


TMINtoTMAX 
±5 
±5 
Vs = -14V, Vo = 14V 
nA 


VIN = 2.4V (MAX326), 
TA =+25'C 
01 
±1o 
01 
±2o 
pA 


VIN = o.BV (MAX327), 


TMIN to TMAX 
±5 
±5 
Drain-Off Leakage Current 
Vs = 14V, Vo = -14V 
nA 


(Note 3) 
IO(OFF) 
VIN = 2.4V (MAX326), 
TA =+25'C 
0.2 
±1o 
02 
±2o 
pA 


VIN = o.BV (MAX327), 


TMINto TMAX 
±5 
±5 
nA 
Vs = -14V, Vo = 14V 


VIN = o.BV (MAX326), 
TA =+25'C 
1 
±2o 
1 
±5o 
pA 


VIN = 2.4V (MAX327), 


TMINtoTMAX 
±10 
±1o 
nA 
Drain-On Leakage Current 
Vs = Vo = 14V 


(Note 3) 
IO(ON) 


VIN = o.BV (MAX326), 
TA=+25'C 
2 
±2o 
2 
+50 
pA 


VIN = 2.4V (MAX327), 
TMINtoTMAX 
±1o 
±1o 
VS=Vo=-14V 
nA 


INPUT 


Input Current with 
VIN = 2.4V 
TMINtoTMAX 
-1 
-00004 
-1 
-00004 
IINH 
J.lA 
Input Voltage High 
VIN = 15V 
TMINtoTMAX 
0003 
1 
0003 
1 


Input Current with 
IINL 
VIN = OV 
TMIN to TMAX 
-1 
-0.0004 
-1 
-0.0004 
J.lA 
Input Voltage Low 


Quad, SPST, Ultra-Low Leakage, 
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ELECTRICAL CHARACTERISTICS 
(continued) 


(V+ = 15V, v- = -15V, TA = +25·C, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MAX32_M 
MAX32_C/E 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


SUPPLY 


Positive Supply Current 
1+ 
VIN = OV or 5V on all inputs 
009 
025 
009 
025 
mA 


Negative Supply Current 
1- 
VIN = OV or 5V on all inputs 
-01 
-000001 
-01 
-000001 
mA 


Power-Supply 
Range for 
(Note 4) 
±4.5 
±18 
±45 
±18 
V 
Continuous 
Operation 


DYNAMIC 


Turn-On Time 
tON 
Vs = 2V, RL = 1kQ, 
SOO 
1000 
SOO 
1000 
ns 
CL = 3SpF (Figure 1) 


Turn-Off Time 
tOFF 
Vs = 2V, RL = 1kQ, 
SO 
SOO 
SO 
SOO 
ns 
CL = 3SpF (Figure 1) 


Charge Injection 
Q 
CL = 0.01I'F, VGEN = OV, RGEN = on 
3 
3 
pC 


Off Isolation (Note 4) 
OIRR 
VIN = SV, RL = 1kn, CL = 1SpF, 
70 
70 
dB 
Vs = 1VRMS,f = 100kHz 


Crosstal k(C han nel- to-C han nel) 
CCRR 
VIN = SV, RL = 1kn, CL = 1SpF, 
90 
90 
dB 
Vs = 1VRMS,f = 100kHz 


Source-Off 
Capacitance 
CS(OFF) 
Vs = OV, VIN = SV, f = 1MHz 
1.7 
1.7 
pF 


Drain-Off Capacitance 
CD(OFF) 
Vs = OV, VIN = SV, f = 1MHz 
1.7 
1.7 
pF 


Channel-On 
Capacitance 
CD(ON) + 
VD = Vs = OV, VIN = OV, f = 1MHz 
6 
6 
pF 
CS(ON) 


Note 3: Leakage 
parameters 
IS(OFF),ID(OFF),and ID(ON) are sample tested for M-suffix devices 
at +2S·C. 
E- and C- suffix devices 
are 
guaranteed 
at +2S·C, but not tested. 
All leakage parameters 
are 100% tested at maximum 
rated operating 
temperatures, 
i.e. 
+70·C, +8S·C, or +12S·C. 


Note 4: Electrical 
characteristics, 
such as rDS(ON), will change 
when power supplies 
other than ±1SV are used. 
Power-supply 
range 
is a design 
characteristic, 
not production 
tested. 


LOGIC· 


INPUT 
INl 
+3V 


~ < 20ns 
11<20ns 


SWITCH 
Vs 
INPUT 


0.9 Vo 


SWITCH 
OV 
OUTPUT 
Vo 
..•. 
10FF 


SWITCH 
INPUT 


Vs = +2V 


SWITCH 
OUTPUT 


Vo 


+ 
ClI 
35pF 


Vo = VS __ 
R_l_ 


Rl + lDS<ON, 


(REPEAT TEST FOR IN2, IN3 ANO IN4) 


Figure 
1. Switching-Time 
Test Circuit. 
Switch-output 
waveform shown for Vs = constant with logic-input 
waveform as shown. 


Note: 
Vs may be positive or negative as per switching-time 
test circuit. 
Va is the steady-state 
output with switch on. 


Feedthrough 
via gate capacitance 
may result in spikes at leading 
and trailing edge of output waveform. 


l1li 
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-TL+25·~ 
I 


±5V SUPPLIES 


\ 
I 
'\. 


/ 
/ 
r--... 
- 
±15V SUPPLIES 


10 


1.0 


~ 


0.1 


~ 
'" 
::2 
0.01 
; 


0.001 


V+ = 15V 
V- = -15V 


/ 
/ 


V 


MAX326/ 


/ 


MAX327 
I 
I 


10 


~ 


1.0 


t5 
::2 
0.1 
; 


001 


V+ = 15V 
V- =-15V 


V 
V 
/ 
/ 
TT 
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________ 
Application 
Hints 


The MAX326/MAX327 
are pin-compatible 
upgrades 
for 
the 
OG201A/OG202 
and 
OG211/0G212 
The 
MAX326/MAX327 
feature significantly 
lower leakages (at 
least 100 times less at +25·C), but with higher on resis- 
tance. 
Low leakage minimizes signal error in most ap- 
plications 
that 
require 
signal 
switching 
into 
high-impedance 
inputs of A/Os or op amps. 
Switching 
times are virtually identical, as shown in Table 1. 


Table 1. Switching Speeds with Various 
Power-Supply 
Combinations 


POWER SUPPLY (V) 
tON(~S) 
tOFF(ns) 


±15 
05 
50 


±10 
1 
80 


±5 
2.5 
200 


+10 
25 
200 


+15 
1.5 
100 


The MAX326/MAX327 
work well in single-supply 
applica- 
tions from 
+10V to +30V. 
For these applications, 
V- 
should be connected 
to ground, and signal levels equal 
to the rail can be switched. 
±5V to ±18V dual supplies 
can also be used to increase design flexibility. 


Channel-to-channel 
on-resistance 
matching 
is typically 
better than 95% for a given analog input level. 
Typical 
Operating 
Characteristics 
show how 
rOS(ON) 
changes 
with various analog inputs and power-supply 
combina- 


tions. 


While 
specified 
at TTL threshold 
levels, 
the 
logic 
threshold 
is roughly 
1.5V ±0.2V and switches 
properly 
with CMOS input levels from -15V to + 15V. Logic input 
levels should never be allowed to exceed the supply rails. 
_______ 
Protecting 
Against 
Fault Conditions 


Fault conditions develop when power supplies are turned 
off with input signals still present, or when overvoltages 
occur 
at the inputs during 
normal operation. 
In either 
case, source-to-body 
diodes 
can be forward 
biased to 
conduct 
current from the signal source. 
If low current 
levels are required, 
the addition 
of external 
protection 
diodes is recommended 
(Figure 2). 


To provide 
protection 
for overvoltages 
up to 20V above 
the supply 
rails, a 1N4001 or 1N914 diode 
should 
be 
placed in series with the positive and negative supplies 
(Figure 2). The addition of these diodes will reduce the 
analog signal range to 1V below the positive supply and 
1V above the negative supply. 


For signals 
that 
can 
be 
momentarily 
shorted 
to the 


110VAC line, the addition 
of a 47kQ, 
1/2W resistor 
in 
series with the channel input is recommended. 
This will 
protect the switch and allow normal operation to continue 
once the fault condition 
abates. 
The throughput 
resis- 
tance 
will then be 47kQ plus 
rOS(ON), 
but low switch 
leakage will reduce the error while maintaining 
superior 
system reliability. 


V2 


foS(ON)= 100~A 
_.~-- 


OUT 


.NIAXUM 


MAX326 
MAX321 
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OUT 


.NIAXLNI 


MAX326 
MAX327 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MAX327CPE 
O·C to +70·C 
16 Plastic DIP 


MAX327CSE 
O·C to +70·C 
16 Narrow SO 


MAX327CJE 
O·C to+70"C 
16 CERDIP 


MAX327C/D 
O"C to +70·C 
Dice" 


MAX327EPE 
-40·C to +85·C 
16 Plastic DIP 


MAX327ESE 
-40"C to +85·C 
16 Narrow SO 


MAX327EJE 
-40"C to +85"C 
16 CERDIP 


MAX327MJE 
-55"C to + 125·C 
16CERDIP"" 


OUT 


.NIAXI.NI 
MAX326 
MAX327 


-=- ±14V 
l 


±14V -=-l 


01 
02 


1 


51 
52 


y- 
y' 


0.086" 


GNO 
(2.18 mm) 


N.C. 


1 


54 
53 


04 
03 
l ~ 


0.059" 


(1.49mm) 


~~I~JXI~~I 
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_______ 
General 
Description 


The MAX328/MAX329 
are monolithic CMOS analog mul- 


tiplexers. 
The MAX328 is a single-ended, 
1-of-8 device, 
and the MAX329 is a differential, 
2-of-8 device. 


Designed 
to provide 
the lowest possible 
"on" and "off" 


leakages, 
these 
multiplexers 
switch 
signals 
from high 


source 
impedance, 
providing 
the mux operates 
into a 
high input impedance 
op amp or ND 
converter. 
The 
MAX328/MAX329 
are pin-for-pin 
replacements 
for the 
popular DG508/DG509 
in these applications. 


Adding 
an external 40kQ 
resistor to each input makes 
the MAX328/MAX329 
an excellent 
fault-tolerant 
multi- 


plexer. 
Low leakage (less than 1pA at 25"C) and 2.5kQ 


on resistance 
allow the circuit to sustain 110V AC faults 
indefinitely 
while maintaining 
an error of less than 40nV 
for normal signals (i.e., 1pA times 40kQ). 


The MAX328/MAX329 
work equally 
well with a single 
supply 
of 10V to 30V or dual supplies 
of ±5V to ±18V. 


They also perform well with unbalanced 
combinations 
of 


supply voltage, such as + 12V and -5V or +5V and -15V. 
Low-power 
dissipation 
(1.9mW with ±15V supplies) 
al- 


lows use of the multiplexers 
in portable applications. 


Control Systems 


Data Logging 
Systems 


Aircraft Heads-Up 
Displays 


Data Acquisition 
Systems 


Signal Routing 


____ 
Typical 
Operating 
Circuit 


ANALOG 
40kll 


INPUT 
I/2W 
OUT 


+15V 
40kll 


ANALOG 


~ 
i BIAS < lpA 
INPUT 
l/2W 


V+ 
". 
EN 


eLK 
IN 
~ 


NC 


N.C 


Features 


• 
Ultra-Low "Off" and "On" Leakage: lpA Typ 


• 
Bi-Directional 
Operation (Use as Mux or Demux) 


• 
TIL 
and CMOS Logic Compatibility 


• 
Analog-Signal 
Range Includes Power-Supply 


Rails 


• 
Switching Speeds Less Than 1.5).1s 


• 
Pin Compatible 
With DG508/DG509 
and 


MAX358/MAX359 


• 
Latch-Up Proof Construction 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAX328CPE 
O"C to +70"C 
16 Plastic DIP 


MAX328CWE 
O"C to +70"C 
16 Wide SO 


MAX328CJE 
O"C to +70"C 
16 CERDIP 


MAX328C/D* 
O"C to +70"C 
Dice 


MAX328EPE 
-40"C to +85"C 
16 Plastic DIP 


MAX328EWE 
-40"C to +85"C 
16 Wide SO 


MAX328EJE 
-40"C to +85"C 
16 CERDIP 


MAX328MJE 
-55"C to +125"C 
16 CERDIP 


" Contact 
factory 
for availability 
Substrate 
may be atlowed to 


float or be tied to V+. 


Ordering 
information 
continued 
on page 
7. 
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ABSOLUTE MAXIMUM RATINGS 
Voltage Referenced 
to v- 


v+ . 
. . . . . . . . . . . . . . . 
. 
+44V 


GND 
+25V 


Digital Inputs (Note 1), Vs, Vo 
-2V to (V+ + 2V) 


Current (Any Terminal, Except S or D) . 
. 
30mA 


Continuous 
Current, S or D 
10mA 
Peak Current, S or D 


(Pulsed at lms, 
10% Duty Cycle Max) 


Operating 
Temperature 
Range: 


MAX328/329 
C _ _ 
O"C to +70"C 


MAX328/329 
E _ _ 
-40"C to +85"C 


MAX328/329 
M _ _ 
-55"C to + 125"C 


Power Dissipation 
(Package) 
(Note 1) 


16-Pin CERDIP (Note 2) 
900mW 


16-Pin Plastic DIP (Note 3) 
. 470mW 


16-Pin Wide SO (Note 4) . 
. 750mW 


Storage Temperature 
-65"Cto+150"C 


Stresses 
listed under 
"Absolute Maximum 
Ratings· 
may be applied 
(one at a time) to devices 
without resulting 
in permanent 
damage. 
These are stress ratings 
only, and 
functional 
operation 
of the device 
at these or any other conditions 
beyond 
those indicated 
in the operational 
sections 
of 
the specifications 
is not 


implied. 
Exposure 
to absolute 
maximum 
rating conditions 
for extended 
peroids 
may affect 
device 
reliability. 


ELECTRICAL CHARACTERISTICS 


(V+ = + 15V, v- = -15V, GND = OV, TA = +25"C, unless otherwise 
noted.) 


LIMITS 


PARAMETER 
SYMBOL 
TEST CONDITIONS 
MAX328M 
MAX328C/E 
UNITS 
MAX329M 
MAX329C/E 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


SWITCH 


Analog-Signal 
Range 
VANALOG 
±15 
±15 
V 


Vo = 10V, 
Seq.Each 
1.5 
2.5 
1.5 
3.5 
Drain-Source 
IS = 100~A 
Switch On 
kn 
On Resistance 
rOS(on) 
Vo = -10V, 
VAL = 0.8V 


IS=l00~A 
VAH = 2.4V 
10 
2.5 
1.0 
3.5 


Greatest Change 
In 
"'rOS(On)= 


Drain-Source 
On- 
"'rOS(on) 
(rOS(On)r~::~ 
~;~on) Min) 
2 
2 
% 
Resistance 
Between 


Channels 
-10V ~ Vs ~ +10V 


Source-Off 
Vs = 10V, Vo = -10V 
0.1 
±10 
1 
±50 
Leakage 
Current 
IS(off) 


Vs = -10V, Vo = 10V 
VEN = OV 
pA 
(Note 5) 
0.3 
±10 
0.3 
±50 


Vo = 10V, Vs = -10V 
03 
±20 
0.3 
±50 
Drain-Off 
MAX328 
Leakage 
Vo = -10V, Vs = 10V 
1.0 
±20 
1.0 
+50 
Current 
lo(off) 
Vo = 10V, Vs = -10V 
VEN = OV 
pA 


0.3 
±10 
0.3 
±25 
(Note 5) 
MAX329 
Vo = -10V, Vs = 10V 
0.5 
±10 
0.5 
+25 


VS(all) = Vo = 10V 
3.0 
±50 
3.0 
±100 
Drain-On 
MAX328 
Seq.Each 


Leakage 
VS(all) = Vo = -10V 
Switch On 
20 
+50 
2.0 
+100 
Current 
lo(on) 
VS(all) = Vo = 10V 
VAL = 0.8V 
15 
±25 
1.5 
±50 


pA 


(Note 5) 
MAX329 
VAH = 2.4V 
VS(all) = Vo = -lOV 
1.0 
±25 
1.0 
±50 


Ultra-L.ow L.eakage 
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ELECTRICAL CHARACTERISTICS 
(continued) 


(V+ = + 15V, v- = -15V, GND = OV, TA = +25'C, 
unless otherwise 
noted.) 


LIMITS 


PARAMETER 
SYMBOL 
TEST CONDITIONS 
MAX328M 
MAX328C/E 
UNITS 
MAX329M 
MAX329C/E 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


INPUT 


Address 
Input Current, 
VA = 2.4V 
001 
±1 
.001 
±1 


IAH 
~A 
Input Voltage High 
VA = 15V 
.001 
±1 
.001 
±1 


Address 
Input Current, 
VEN = 2.4V 
All 
.001 
±1 
.001 
±1 


Input Voltage Low 
IAL 
VEN = OV 
VA = OV 
.001 
±1 
.001 
±1 
~A 


DYNAMIC 


Switching 
Time Of 
ttransition 
See Figure 1 
10 
1.5 
~s 
Multiplexer 


Break-Before-Make 
topen 
See Figure 2 
0.2 
0.2 
~s 
Interval 


Enable Turn-On Time 
ton(EN) 
See Figure 3 
1.0 
1.5 
~s 


Enable Time-Off Time 
toll(EN) 
See Figure 3 
07 
1.0 
~s 


OFF Isolation 
OIRR 
VEN = OV, RL = lkn, 
CL = 15pF 
84 
84 
dB 
Vs = 7VRMS, f = 500kHz 


Source-Off 
CS(off) 
Vs = OV 
VEN = OV, 
1.8 
1.8 
pF 
Capacitance 
f = lMHz 


Drain-Off 
I MAX328 
VEN = OV, 
8.0 
8.0 


CO(off) 
Vo = OV 
pF 
Capacitance 
I MAX329 
f= 
lMHz 
4.0 
4.0 


VA=+10V 
2 
2 


Charge Injection 
Q(inj) 
VA = OV 
3 
3 
pc 


VA = -10V 
4 
4 


SUPPLY 


Positive Supply Current 
1+ 
VEN = 2.4V 
VA = OV/5V 
4.5 
200 
45 
200 


Negative 
Supply Current 
1- 
VEN = 2.4V 
VA = OV/5V 
1 
-100 
1 
-100 


~A 


Power -Supply Range 
For Continuous 
VOP 
±5 
±18 
±5 
±18 
V 


Operation 
(Note 6) 


Note 1: All leads soldered 
or welded to PC board. 


Note 2: Derate 12mWrC 
above +75"C. 


Note 3: Derate 6.3mWrC 
above +75"C. 


Note4: 
Derate 10mWrC 
above +75"C. 


Note 5: Leakage 
parameters 
Is(Off), lo(Off), and lo(On) are sample tested for M suffix devices 
at +25·C. 
The E and C suffix devices 


are guaranteed 
at +25'C, 
but not production 
tested. 


Note 6: Electrical 
characteristics, 
such as On Resistance, 
will change 
when power supplies 
other than ±15V are used. 
Power-supply 


range is a design characteristic, 
not production 
tested. 
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ELECTRICAL CHARACTERISTICS 
(Over Temperature) 


(V+ = +15V. v- = -15V. GND = OV. TA = TMIN to TMAX. unless otherwise 
noted.) 


LIMITS 


PARAMETER 
SYMBOL 
TEST CONDITIONS 
MAX328M 
MAX328C/E 
UNITS 


MAX329M 
MAX329C/E 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


SWITCH 


Analog-Signal 
Range 
VANALOG 
±15 
±15 
V 


Vo = 10V. 
Seq.Each 
2.2 
4 
1.9 
5 
Drain-Source 
IS = 100liA 
Switch On 
On Resistance 
rOS(on) 
VAL = 0.8V. 
kn 
Vo = -10V. 
VAH = 2.4V 
15 
4 
1.2 
5 
IS =1OOliA 


Source-Off 
Leakage 
Vs = 10V. Vo = -10V 
±5 
±5 


Current 
IS(off) 
VEN = OV 
nA 
(Note 7) 
Vs = -10V. Vo = 10V 
±5 
±5 


Vo = 10V. Vs = -10V 
±20 
±20 


Drain-Off 
MAX328 


Leakage 
10(off) 


Vo = -10V. Vs = 10V 
VEN = OV 
±20 
±20 
nA 
Current 
(Note 7) 
Vo = 10V. Vs = -10V 
±10 
±10 
MAX329 
Vo = -10V. Vs = 10V 
±10 
±10 


VS(all) = Vo = 10V 
±20 
±20 


Drain-On 
MAX328 
SeqEach 


Leakage 
10(on) 
VS(all) = Vo = -10V 
Switch On 
±20 
±20 
nA 
Current 
VAL = 0.8V 
(Note 7) 
VS(all) = Vo = 10V 
VAH = 2.4V 
±10 
±10 
MAX329 
VS(all) = Vo = -10V 
±10 
±10 


INPUT 


Address 
Input Current, 
VA = 2.4V 
.01 
±1 
01 
±1 


Input Voltage High 
IAH 
lIA 
VA = 15V 
01 
±1 
.01 
±1 


Address 
Input Current, 
VEN = 2.4V 
All 
.01 
±1 
.01 
±1 


Input Voltage Low 
IAL 
VA = OV 
lIA 
VEN = OV 
.01 
±1 
.01 
±1 


Ultra-Low Leakage 
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TRUTH TABLE - MAX328 
TRUTH TABLE - MAX329 
E 
A2 
A, 
Ao 
EN 
ON 
A1 
Ao 
EN 
ON 


SWITCH 
SWITCH 
t1 


X 
x 
x 
0 
NONE 
X 
X 
0 
NONE 


0 
0 
0 
1 
0 
0 


~ 
0 
0 
2 
0 
2 


0 
0 
3 
0 
3 
i 
0 
4 
4 


0 
0 
5 
~ 


0 
6 
t1 
0 
7 
tiI 
8 
Note: 
Logic '0" = VAL S 0.8V, Logic "1" = VAH" 2.4V 


VAH - 3.0V 
ADDRESS 
DRIVE IV,I 
A1 
S, 
:!IDV 
NI"IXI""1 
S1 


DV 
MAX328 
S2-S1 
I 
A, 


AD 
S. 


+IDV 
I 
EN 
DUT 


I 


~ 
9D', 


DUTPUT A 
5Do 
+VAH 
GND 


I 
I 
-= 
-= 
-lDV 
---l 
t, 
I-- 
-= 


VAH ; 
3.DV 
r-r 
ADDRESS 
~ 
L;EIVAI 


A1 
NlAXI~ 
S, 


S2-S1 
MAX328 
S. 
~.c:- 
-"M-" 


I 
I 
---l t- 


IDpu 


SOo 


Z.4V 


VDur 


IZ.5pF 
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VAH = 3.0V 


~ 
_____ 
-\, 
ENABLE 
ORIVE 
Al 
SI 
-IOV 


N1/JXINI 
I 
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Ultra-Low Leakage 


Monolithic CMOS Analog Multiplexers 


_______ 
App'ication 
Notes 


Figure 
4 is 
a typical 
circuit 
for 
converting 
the 
MAX328/MAX329 
into a fault-tolerant 
mux 
In this appli- 
cation, the internal diodes limit the voltage at the MAX328 
input to±15.7V (±15V supplies). 
No external diodes need 


to be added 
with the MAX328/MAX329, 
unlike conven- 


tional multiplexers 
requiring 
external diodes. 


The resistors, 
R, need to be 39kn 
or higher to limit the 
power dissipation 
in the resistor when a 120V AC fault 


occurs 
(i.e., 
power 
dissipation 
is (120-16)2/39kn 
or 
0.28W. This is why a 1/2W resistor is needed). 
The circuit 
withstands 
an indefinite 
fault to a 120V AC line with no 
damage 
to any component. 


The guaranteed 
low leakage of the MAX328 is the key to 
this application. 
For the 10pA max IS(off), the measure- 


ment error is 10pA X 39k = 0.391.tVat room temperature. 
At 125°C, the leakages increase by a factor of 100; thus, 
39J.tVis the high-temperature 
error. The commercial 
and 
industrial 
grades 
have a maximum 
leakage of 50pA of 


Is(oll) 
at room temperature. 
Therefore, 
195J.!V is the 
room temperature 
error, and 195J.!Vis the high-tempera- 


ture (125°C) error. 


Now, 
17-bit accuracy 
decreases 
to 76J.!Vfor the least 


significant 
bit. 
Our 10pA model will meet this at 125°C, 


but not the 50pA model. 
Therefore, 
the 10pA model 


could be used in 16-bit systems over the military temper- 
ature range, but the 50pA model would be restricted 
to 
100°C with adequate 
guardband. 


.••.•AX •.••.• 


MAX328 
MAX329 


14~----+- 
+15V 


13 l~f.=i: 
R 
12 
~ 
JW'---O 
55 
Jt--056 


R 


PART 
TEMP. RANGE 
PIN·PACKAGE 


MAX329CPE 
O°C to +70°C 
16 Plastic DIP 


MAX329CWE 
O°C to +70°C 
16 Wide SO 


MAX329CJE 
O°C to +70°C 
16 CERDIP 


MAX329C/D* 
O°C to +70°C 
Dice 


MAX329EPE 
_40°C to +85°C 
16 Plastic DIP 


MAX329EWE 
_40°C to +85°C 
16 Wide SO 


MAX329EJE 
-40°C to +85°C 
16 CERDIP 


MAX329MJE 
-55°C to +125°C 
16 CERDIP 


_______ 
Chip Topographies 1:11 


~~I~JXI~~I 
Fault-Protected Analog Multiplexer 


_______ 
Gener.1 Description 


Maxim's HI-508A and MAX358 are 8 channel single- 
ended 
(1 of 8) multiplexers 
with 
fault 
protection. 


Maxim's HI-509A and MAX359 are 4 channel differ- 
ential 
(2 of 8) multiplexers 
with 
fault 
protection. 


Using 
a series 
N-channel, 
P-channel, 
N-channel 
structure, 
these 
multiplexers 
provide 
significantly 


improved fault protection. 
If the power supplies to 
the Maxim fault-protected 
multiplexer 
are inadver- 
tently turned off while input voltages are still applied, 
all channels 
in the mUltiplexer are turned 
off, and 
only a few nanoamperes of leakage current will flow 
into the inputs. This protects not only the multiplexer 
and the circuitry 
driven by the multiplexer, but also 
protects the sensors or signal sources which drive 
the multiplexer. 
The Maxim series N-channel, P-channel, N-channel 
protection 
structure 
has two significant 
advantages 
over the simple current 
limiting 
protection 
scheme 
of the first generation 
fault protected 
multiplexers. 


First, the Maxim protection scheme limits fault currents 
to nanoamp leakage values rather than many milli- 
amperes. This prevents damage to sensors or other 
sensitive signal sources. Second, the Maxim fault- 
protected 
multiplexers 
can withstand 
a continuous 


±35V overvoltage, unlike the first generation 
which 
has a continuous 
overvoltage 
limitation 
of about 
±10V imposed by power dissipation considerations. 


All digital 
inputs have logic thresholds of O.8V and 
2.4V, ensuring 
both TTL and CMOS compatibility 
without 
requiring 
pullup 
resistors. 
Break-before- 
make operation is guaranteed. Power supply currents 
have been reduced and typical power dissipation 
is 
less than 2 milliwatts. 


Data Acquisition 
Systems 


Industrial and Process Control Systems 


Avionics Test Equipment 


Signal Routing between Systems 


• 
Improved 2nd Source (See "Maxim 
Advantage" on 3rd and 5th page) 


• 
All Switches Off with Power Supplies Off 


• 
On Channel Turns OFF If Overvoltage Occurs 


• 
Only Nanoamperes of Input Current under All 
Fault Conditions 


• 
Latchup-proof 
Construction 


• 
Operates from ±4.5 to ±18V Supplies 


• 
All Digital Inputs are TTL and CMOS 
Compatible 


PART 
TEMP. RANGE 
PACKAGE 


MAX3S8CPE 
O·C to +7S·C 
16 Lead Plastic DIP 


MAX3S8CWE 
O·C to +7S·C 
16 Lead Wide SO 


MAX3S8CJE 
O·C to +7S·C 
16 Lead CERDIP 


MAX3S8EPE 
-40·C 
to +8S·C 
16 Lead Plastic DIP 


MAX3S8EWE 
-40· C to +8S· C 
16 Lead Wide SO 


MAX3S8EJE 
-40· C to +8S· C 
16 Lead CERDIP 


MAX3S8MJE 
-SS·C to +12S·C 
16 Lead CERDIP 


MAX3S8C/D" 
O·C to +7S·C 
Dice 


MAX3S9CPE 
O·C to +7S·C 
16 Lead Plastic DIP 


MAX3S9CWE 
O·C to +7S·C 
16 Lead Wide SO 


MAX3S9CJE 
O·C to +7S·C 
16 Lead CERDIP 


MAX3S9EPE 
-40·C 
to +8S·C 
16 Lead Plastic DIP 


MAX3S9EWE 
-40· C to +8S· C 
16 Lead Wide SO 


MAX3S9EJE 
-40·C 
to +8S·C 
16 Lead CERDIP 


MAX3S9MJE 
-SS·C to +12S·C 
16 Lead CERDIP 


MAX3S9C/D" 
O·C to +7S·C 
Dice 


(Ordering Information la continued on laat page.) 
•• The 
substrate 
may 
be allowed 
to 
float 
or 
be tied 
to V' 


(JI CMOS). 


Ao 
ENABLE 


-VSUPPlY 
INI 
INz 
IN3 
IN. 
OUT 


Al 
Az 
GNO 


+VSUPPlY 
INs 
INB 
IN1 
INs 


AI 
GNO 


+VSUPPlY 
IN IS 
IN28 
IN38 
INe 
OUTs 


Ao 
ENABLE 


-VSUPPlY 
INIA 
INZA 
IN3,\ 
IN4A 
OUTA 


The "Maxim Advantage"·" signifies an upgraded quality level. At no additional cost we offer a second-source 
device that is subject to the fol/owing: guaranteed 


performance 
over temperature along with tighter test specifications 
on many key parameters; and device enhancements, when needed, that result in improved 


performance 
without changing 
the functionality. 
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N1,JXIA-' 
is a registered 
trademark 
of Maxim 
Integrated 
Products. 


Fault-Protected Analog Multiplexer 


Continuous 
Current, S or D ..............•....•........ 
20mA 


Peak Current, S or D 
(Pulsed at1 ms, 10%duty cycle max) 
40mA 
Power Dissipation (Note 1) (CERDIP) 
1.28W 
Operating 
Temperature Range: 


MAX358/359M; HI-508A1509A-2, -8 
-55°C 
to +125°C 
MAX358/359C; HI-508A1509A-5 
O°C to +75°C 
MAX358/359E 
-40° C to +85° C 


Storage Temperature Range 
-65°C to +15O°C 


Note 1: 
Derate 12.8mWfOCabove TA; +75°C 


Voltage between Supply Pins.. 
. . . .. . . . . . . . . . . . . . .. . . . .. 
+44V 


V+ ..................................•....•....•.... 
+22V 


V- 
..............................•........•....•.... 
-22V 


Digital Input Overvoltage: 
V 
V 
{VSUPPI.(+) 
+4V 


EN' A 
VSuppl.H 
-4V 
Analog Input Overvoltage with Multiplexer Power On: 


V 
{VSUPPI.(+)' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
+20V 


s 
VSuPPI.H 
-20V 


Analog Input Overvoltage with Multiplexer Power Off: 


Vs {VSUPPI.(+) 
+35V 


VSuPPI.H 
-35V 


Stresses 
above those listed under 
''Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to the devics. 
These Bre stress ratings 
only and functional 


operation 
of the device at these or any other conditions 
above those indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 


absolute 
maximum 
rating conditions 
for extended 
periods 
may affect device reliability. 


ELECTRICAL 
CHARACTERISTICS: 
HI-S08A/S09A 
(See facing 
page for MAX358/359.) 


Supplies; 
+15V,-15V; VAH(Logic Level High); 
+4.0V,VAL(Logic Level Low); 
+0.8V (unless otherwise noted). 


-55°C to +12SoC 
O°Cto+7SoC 
I 
PARAMETER 
SYMBOL 
CONDITIONS 
TEMP 
l UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


STATIC 


ON Resistance 
rOS(ON) 
Vo; ±10V, Is; 
1OOl'A 
+25°C 
1.2 
1.5 
1.5 
1.8 
kO 
VAL; 0.8V,VAH; 4V 
Full 
1.5 
1.8 
1.8 
2.0 


OFF Input Leakage 


ISIOFF) 
Vs; ±10V, Vo; :;:10V 
+25°C 
0.03 
0.03 
nA 
Current 
VEN; 0.8V (Note 2) 
Full 
50 
50 


OFF Output Leakage 
Vo; ±10V, Vs; :;:10V 
+25°C 
0.1 
0.1 


Current 
1010FF) 
VEN; 0.8V 
HI-508A 
Full 
200 
200 
nA 


(Note 2) 
HI-509A 
Full 
100 
100 


ON Channel Leakage 
VSIALLI,/Vo; ±10V (Note 2) 
+25°C 
0.1 
0.1 


Current 
1010N) 
VAH; 
EN;4V 
HI-508A 
Full 
200 
200 
nA 
VAL; 0.8V 
HI-509A 
Full 
100 
100 


Analog Signal Range 
VAN 
Full 
-15 
+15 
-15 
+15 
V 


Differential, OFF 
IOIFF 
(HI-509A only) 
Full 
50 
50 
nA 
Output Leakage Current 


FAULT 


Output Leakage Current 
1010FF) 


Vo; 
OV 
+25°C 
4.0 
4.0 
nA 


(with Overvoltage) 
Analog Overvoltage ; ±33V 
Full 
2.0 
I'A 


INPUT 


Input Low Threshold 
VAL 
(Note 3) 
Full 
0.8 
0.8 
V 


Input High Threshold 
VAH 
Full 
4.0 
4.0 
V 


Input Leakage 
IA 
VA;4VorOV 
Full 
1.0 
1.0 
I'A 
Current (High or Low) 
(Note 4) 


DYNAMIC 


Access Time 
tA 
+25°C 
0.5 
1.0 
0.5 
1.0. 
I'S 


Break-Belore-Make 
Delay 
tON-tOFF 
VEN; +5V,V,N; ±10V 
+25°C 
25 
80 
25 
80 
ns 
Ao, A" A2 Strobed 


Enable Delay (ON) 
tONIEN) 


+25°C 
300 
500 
300 
Full 
1000 
1000 
ns 


Enable Delay (OFF) 
tOFFIEN) 
+25°C 
300 
500 
300 
Full 
1000 
1000 
ns 


Settling Time (0.1%) 
tSETT 
+25°C 
1.2 
1.2 


(0.01%) 
3.5 
3.5 
I'S 


Note 2: 
Note 3: 
Note 4: 


Ten nanoamps is the practical lower limit lor high speed measurement in the production 
test environment. 


To drive Irom DTLlTTL CirCUits, 1kO pull-up resistors to +5.0V supply are recommended. 
Digital input leakage is primarily due to the clamp diodes. Typical leakage is less than 1nA at +25°C. 


~~I~JXI~~I 
ADVANTAGE™ 
Fault-Protected Analog Multiplexer 


• Only Nanoamps 
of Leakage Under Fault Conditions 
• TTL Compatible, 
No Pull ups Required 


• All Switches OFF With Power Supplies Off 
• Significantly 
Reduced Power Consumption 


• Channel Turns OFF When Overvoltage 
Occurs 
• ±4.5V to ±18V Operation 
ABSOLUTE 
MAXIMUM 
RATINGS: 
This device conlorms to the Absolute Maximum Ratings on adjacent page. 


ELECTRICAL 
CHARACTERISTICS: 
MAX358/359 
(See facing 
page for HI-508N509A.) 
Specilications 
below satisly or exceed all "tested" parameters on adjacent page. 


Supplies = +15V,-15V; VAH(Logic Level High) = +2.4V,VAL(Logic Level Low) = +0.8V (unless otherwise noted). 


O·C to +7S·C 
-SS·C to +12S·C 
and 


PARAMETER 
SYMBOL! 
CONDITIONS 
TEMP 
-40· C to +8S· C 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


STATIC 


ON Resistance 
Vo = ±10V. Is = 100l'A 
+25·C 
1.2 
1.5 
1.5 
1.8 
kfi 
roSION) 
VAL= 0.8V. VAH = 2.4V 
Full 
1.5 
1.8 
1.8 
2.0 


OFF Input Leakage 
IS(OFF) 
Vs = ±10V, Vo = =f10V 
+25·C 
0.03 
0.5 
0.03 
1.0 
nA 
Current 
VEN= 0.8V 
Full 
50 
50 


OFF Output Leakage 
Vo = ±10V, Vs = =f10V 
+25·C 
0.1 
1.0 
0.1 
2.0 
'o(OFF) 
VEN = 0.8V 
MAX358 
Full 
200 
200 
nA 
Current 
MAX359 
Full 
100 
100 


ON Channel Leakage 
VS(ALL)= Vo = ±10V (Note 2) 
+25·C 
0.1 
2.0 
0.1 
5.0 
'o(ONI 
VAH = VEN= 2.4V 
MAX358 
Full 
200 
200 
nA 
Current 
VAL=0.8V 
MAX359 
Full 
100 
100 


Analog Signal Range 
VAN 
(Note 1) 
Full 
-15 
+15 
-15 
+15 
V 


Differential, OFF 
IOIFF 
MAX359 only 
Full 
50 
50 
nA 
Output Leakage Current 


FAULT 


Output Leakage Current 
10(OFF) 


Vo = OV (Note 2) 
+25·C 
4.0 
4.0 
nA 


(with Overvoltage) 
Analog Overvoltage = ±33V 
Full 
2.0 
I'A 


Input Leakage Current 
IS(OFF) 
V'N = ±25V. Vo = ±10V 
+2SoC 
S.O 
10 
I'A 
(with Overvollage) 
(Note 2) 


Input Leakage Current 
IS(OFF) 
V'N= ±25V. VEN= Vo = OV 
+25°C 
2.0 
5.0 
"A 
(w. Power Supplies 0"1 
Ao = Al = A. = OV or 5V 


INPUT 


Input Low Threshold 
VAL 
Full 
0.8 
0.8 
V 


I Input High Threshold 
VAH 
Full 
2.4 
2.4 
V 


Input Leakage 
II. 
VA= 4V or OV 
Full 
1.0 
1.0 
"A 
Current (High or Low) 
(Note 4) 


DYNAMIC 


Access Time 
tA 
(Figure 1) 
+25·C 
0.5 
1.0 
0.5 
1.0 
"s 


Break-Belore-Make Delay 
to,,-tOFF 
VEN= +5V,V'N= ±10V 
+25·C 
25 
80 
25 
80 
ns 
(Figure 2) 
Ao. A" A2 Strobed 


Enable Delay (ON) 
tON(EN) 
(Figure 3) 
+25·C 
300 
500 
300 
ns 
Full 
1000 
1000 


Enable Delay (OFF) 
tOFFIEN) 
(Figure 3) 
+25·C 
300 
500 
300 
ns 
Full 
1000 
1000 


Settling Time (0.1%) 
tSETT 
+25·C 
1.2 
1.2 


(0.01%) 
3.5 
3.5 
"s 


When the analog signal exceeds +13.5V or -12V the blocking action 01 Maxim's gate structure goes into operation. Only leakage 
currents flow and the channel on resistance rises to infinity. 
The value shown is the steady state value. The transient leakage is typically 10"A. See detailed description. 
Electrical characteristics. such as ON Resistance, will change when power supplies other than ±15V are used. 
Digital input leakage is primarily due to the clamp diodes. Typical leakage is less than 1nA at +25·C. 


Note 2: 
Note 3: 
Note 4: 


ELECTRICAL 
CHARACTERISTICS: 
HI-S08A/S09A 
(continued) 


Supplies 
= +1SV, -1SV; 
VAH (Logic 
Level 
High) 
= +4.0V, VAL (Logic 
Level 
Low) 
= +0.8V 
(unless 
otherwise 
noted). 


I 
-55°C 
to +12SoC 
O°C to +7SoC 
PARAMETER 
SYMBOL 
CONDITIONS 
TEMP 
UNITS 
I MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


DYNAMIC (continued) 


VEN = 0.8V, RL = 1kO, 


"OFF 
Isolation" 
(Note 
S) 
OFF,ISOI 
CL = 1SpF, V = 7VAMg, 
+2SoC 
SO 
68 
SO 
68 
dB 
f = 100kHz 


Channel 
Input 
CSIOFF) 
+2SoC 
S 
S 
pF 
Capacitance 


Channel 
Output 
COIOFF) 


HI-S08A 
+2SoC 
2S 
2S 
pF 
Capacitance 
HI-S09A 
12 
12 


Digital 
Input 
Capacitance 
CA 
+2SoC 
S 
S 
pF 


Input 
to Output 
COSIOFF) 
+2SoC 
0.1 
0.1 
pF 
Capacitance 


SUPPLY 


Positive 
Supply 
Current 
1+ 
VEN, VA = OV or 4V 
I 
Full 
I 
O.S 
2.0 
O.S 
2.0 
mA 


Negative 
Supply 
Current 
1- 
VEN, VA = OV or 4V 
I 
Full 
I 
0.02 
1.0 
0.02 
1.0 
mA 


~1~::V:~H==430~V ADDRESS 


~ 


. 
ORIVEIVJ 


50% 


DV 
I 
- 


+IDV 
I 
i 
I 
I 
--l 


A, 
INI 
±IOV 


.Ao1A x I.....,.,., 
IN2 


MAX35B 


THRU 
IN) 
HI-SOBA 
INS 


OU) 
GNO 


-: 


-: 


MAX358: 
YAH = 3.0Y 
H15OIA: VAH = 4.0Y 
II 
AOOREBS 


~ 
~E(v~ 


A, 


IN, 


.MAXI.M 


MAX358 
INz.r 


'HI-S08A 
IN, 


OUT 
GNO 
-----:::v=:- 


OUTPUT 


50'1\ 
50'1\ 


I I 
I I 
--l 
r-- 


lOPE. 


~~I~JXI~~I 
AD VANTAGE™ 


Fault-Protected 
Analog Multiplexer 


ELECTRICAL 
CHARACTERISTICS: 
MAX358/359 (continued) 


Supplies 
= +15V, -15V; 
VAH (Logic 
Level High) = +2.4V, VAL (Logic 
Level Low) = +O.SV (unless 
otherwise 
noted). 


O·C to +75·C 


_55· C to +125· C 
and 


PARAMETER 
SYMBOL 
CONDITIONS 
TEMP 
-40· C to +85· C 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


DYNAMIC 
(continued) 


VEN = O.SV, RL = 1kO, 


"OFF 
Isolation" 
OFF11SO) 
CL = 15pF, V = 7VR,,", 
+25·C 
50 
68 
50 
68 
dB 


I = 100kHz 


Channel 
Input 
CSIOFF) 
+25·C 
5 
5 
pF 
Capacitance 


Channel 
Output 
COIOFF) 


MAX35S 
+25·C 
25 
25 
pF 
Capacitance 
MAX359 
12 
12 


Digital 
Input 
Capacitance 
CA 
+25·C 
5 
5 
pF 


Input 
to Output 
CCS(OFF) 
+25·C 
0.1 
0.1 
pF 
Capacitance 


SUPPLY 


Poaltlve 
Supply 
Current 
•• 
VEN = 0.8V, or 2.4V 
+25"C 
0.1 
0.8 
0.2 
1.0 
mA 
AlIVA=OVorSV 
Full 
(1.3 
0.7 
0.5 
1.0 


Negative 
Supply 
Current 
1- 
lfeN = 0.8V or 2.4V 
+25"C 
0.01 
0.1 
0.01 
0.1 
mA 
All VA = OV or SV 
Full 
0.02 
0.2 
0.02 
0.1 


Power 
Supply 
Range 
for 
Vop 
(Nota 
5) 
+25·C 
±4.5 
±18 
±4.5 
±18 
V 
ConUnuo 
••• OperaUon 


UAX358: 
VAH " 3.av 
HI508A: 
VAH : 4,OV 
A, 


~ 
______ 
\ 
ENABLE 
DRIVE 
IN, 
'IDV 


.MAXI"'" 
IN, 
MAX358 
THRU 


I 
I 
DV 
'HI-508A 
IN8 
.". 


I 
I 
OUT 
I m/i 
I 
~ 


It 
It5llF 
I 
I 
I 
I 


I 
I 
I 
I 
-t 
toNlEI, 
l- 
I 
I 
I 
I ~ 
IOFFlfllt.-- 
'1I81LARCO.IECTIOIfORaRX35llABO"1·_ 


.MAXI,.." 


-MAX358 
HI-508A 


.NIAXI..M 


MAX358 
HI-508A 


Fault-Protected 
Analog Multiplexer 


INPUT 
LEAKAGE 
YS. 
INPUT 
YOLTAGE 
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Y·=Y-=OY 


•••1- 
PE 
nN -I-t 
RA 
SE 
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+3! 
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PER nN - 
RA 
SE 
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1~ 
~ 
~ 
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~ 
I~ 
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THERMOCOUPLE 


STRAIN 
GAUGE 


HilmA 
LOOP 
TRANSMITTER 


>15V 


+Vsupp 


IN, 
OUT 


IN, 


IN, 
N1AXINI 
IN, 
MAX358 


IN, 


IN, 


>lOV 
GAIN REFERENCE 


ZERO REFERENCE 


IN, 


IN, 


-VSUpp 


_______ 
Typical Applications 


Figure 
7 shows a typical 
data acquisition 
system 
using the MAX358 multiplexer. Since the multiplexer 
is driving a high impedance input, its error is a func- 
tion of its own resistance (ROS(ON))times the multi- 
plexer leakage current (IO(ON))and the amplifier bias 
current 
(ISlAS): 


VERR= ROS(ON)x (IO(ON)+ 'SIAS (MAX420)) 
= 1.5k x (2nA + 30pA) 
= 3.05JlV maximum error 


In most cases, this error 
is low enough 
that pre- 
amplification 
of input signals 
is not needed, even 
with 
very low level signals, such as 40J.LV/oC 
from 
type J thermocouples. 


In systems 
with 
fewer 
than 
8 inputs, 
an unused 


channel 
can be connected 
to the system 
ground 
reference 
point 
for 
software 
zero 
correction. 
A 
second 
channel 
connected 
to the system 
voltage 
reference allows gain correction 
of the entire data 
acquisition 
system as well. 


A MAX 420 precision op-amp is connected as a pro- 
grammable gain amplifier, with gains ranging from 1 
to 10,000. The guaranteed 
5J.LV unadjusted offset of 
the MAX420 maintains 
high signal accuracy, while 
programmable 
gain allows the output signal level to 
be scaled to the optimum range for the remainder of 


IN, 


IN, 


OUT 
N1AXINI 


DG508A 
IN, 
OR 
IN, 
MAX358 


IN, 


-Vsupp 
SNO 


-15V 
'::' 


the data acquisition 
system, normally a Sample/Hold 


and NO. Since the gain-changing 
multiplexer 
is not 


connected to the external sensors, it can be either a 
OG508A multiplexer or the fault protected MAX358. 


Input switching, 
however, must be done with a fault 


protected 
MAX358 multiplexer 
if it is to provide the 


level of protection 
and isolation required with most 


data acquisition inputs. Since external signal sources 
may continue to supply voltage when the multiplexer 
and system power are turned off, non-fault protected 
multiplexers, 
or even first-generation 
fault protected 


devices, will allow many milliamps of fault current to 
flow from outside sources into the multiplexer. The 
result could be damage to either the sensors or the 
multiplexer. 
A non-fault 
protected 
multiplexer 
will 


also allow input overvoltages to appear at its output, 
perhaps 
damaging 
Sample/Holds 
or 
NOs. 
Such 


input overdrives may also cause input-to-input 
shorts, 


allowing 
the high current 
output 
of one sensor to 


possibly damage another. 


The MAX358 eliminates 
all of the above problems 


since 
it not only 
limits 
its output 
voltage 
to safe 


levels, with 
or without 
power applied 
(+Vsup and 


-Vsup), but also turns all channels off when power is 
removed, drawing only sub-microamp 
fault currents 


from the inputs, and maintaining 
isolation 
between 


inputs for continuous 
overvoltages up to ±35V. 
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_______ 
Detailed Description 


Fault Protection Circuitry 


Maxim's 
HI-508A/509A 
and 
MAX358/359 
are fully 


fault-protected 
for continuous 
input voltages up to 
±35V, whether 
or not the +Vsup and -Vsup 
power 
supplies 
are present. 
These devices 
use a "series 
FET" protection 
scheme which not only protects the 
multiplexer 
output 
from overvoltage, 
but also limits 


the input current to sub-microamp 
levels. This fault 


current is several orders of magnitude lower than the 
original 
manufacturer's 
HI-508A (several milliamps). 


which 
uses 1 to 2kO protection 
resistors 
in series 
with parasitic diodes connected to +Vsup and -VsuP. 


Figures 8 and 9 show how the series FET circuit 
protects against overvoltage conditions. When power 
is off, the gates of all three FETs are at ground. With 
a -25V input, N-channel 
FET 01 is turned on by the 


+25V gate-to-source 
voltage. The P-channel 
device 


(02). however, has +25V VGSand is turned off, there- 
by preventing 
the input 
signal 
from 
reaching 
the 
output. If the input voltage is +25V, 01 has a negative 
VGS,which turns it off. Similarly, only sUb-microamp 
leakage currents 
can flow from the output 
back to 
the input, since any voltage will turn off either 01 
or 02. 


-25V 
OVERVOLTASE 


N.cHANNEL MOSFET 
T,:,S 
IS TURNEDON 
.J.!! 
BECAUSEV" 
• '25V 
P·CHANNEL 
MOSFETIS OFF 


'25V 
OVfRVOLTASE 


Il-CHANNEL MOSfET 
IS TURNEDOFF 
BECAUSEV" 
• -25V 


Figure 10 shows the condition 
of an OFF channel 
with +Vsup and -Vsup present. As with Figures 8 and 
9, either an N-channel or a P-channel device will be 
off for any input 
voltage 
from 
-35V to +35V. The 
leakage current with negative overvoltages will imme- 
diately drop to a few nanoamps at 25°C. For positive 
overvoltages 
that fault current will initially 
be 10 or 
20tlA, decaying over a few seconds to the nanoamp 
level. The time constant 
of this decay is caused by 
the discharge 
of stored charge from internal 
nodes 
and 
does 
not 
compromise 
the 
fault 
protection 
scheme. 


Figure 11 shows the condition 
of the ON channel 
with +Vsup and -Vsup present. With input voltages 
less than ±10V, all three FETs are on and the input 
signal 
appears 
at the output. 
If the input 
voltage 
exceeds +Vsup minus the N-channel 
threshold 
volt- 
age (VTN). then the N-channel 
FET will turn off. For 
voltages 
more 
negative 
than 
-Vsup 
minus 
the 
P- 


channel 
threshold 
(VTP), the P-channel 
device will 
turn 
off. 
Since 
VTN is typically 
1.5V and 
VTP is 
typically 
3V, the multiplexer's 
output swing is limited 
to about -12V to +13.5V with ±15V supplies. 


-15V 
'15V 
-15Vm 
~~~&=::J: 
-25V 
0 I 
0, 
0, 
OUTPUT 
OVERVOLTASE 
LINE BY 


N.CHAHHELMOSFET 
EXTERNAL 
IS TURNEDON 
T 
T 
T 
CIRCUITRY 


BECAUSEV,,· 
'IOV 
-15V FROM ~M 
N-CHANNEL 
DRIVERS 
DRIVERS 
MOSFETIS OFF 


P-CHANNEL 
MOSFETIS OFF 


Figure 10.-25 V overvollage on an OFF Channel wilh 
Multiplexer Power Supply ON 


.25V 
OVERVOLTASE 


N.cHANNEL MOSFET 
IS TURNEDOFF 
BECAUSEv,,· 
-IOV 


IS5V 
OUTPUT 


R.cHANNEL 
MOSFETIS ON 
~ 


'15V FROM -15V FROM 
ORIVfRS 
ORIVfRS 
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The 
Typical 
Characteristics 
graphs 
show 
typical 
leakage vs. input voltage 
curves. Although 
the max- 
imum rated overvoltage 
of these devices is ±35V, the 


MAX358/359 
typically 
has excellent 
performance 
up 


to ±40V, providing 
additional 
margin for the unknown 


transients 
that 
exist 
in the real world. 
In summary, 


the MAX358/359 
provides 
superior 
protection 
from 
all fault 
conditions, 
while 
using 
a standard, 
readily 
produced 
junction 
isolated CMOS process. 


Switching Characteristlca 
and Charge Injection 


Table 1 shows typical charge injection 
levels vs. power 


supply 
voltages 
and analog 
input voltage. 
Note that 


since the channels 
are well matched, 
the differential 


charge 
injection 
for the MAX359/HI-509A 
is typically 
less than 5 picocoulombs. 
The charge 
injection 
that 


occurs 
during 
switching 
creates 
a voltage 
transient 


whose 
magnitude 
is inversely 
proportional" 
to 
the 


capacitance 
on the multiplexer 
output. 


The 
channel-to-channel 
switching 
time 
is typically 
6OOns, with about 200ns of break before make delay. 
This 
200ns 
break-before-make 
delay 
prevents 
the 


input-to-input 
short 
that 
would 
occur 
if two 
input 


channels 
were simultaneously 
connected 
to the out- 


put. In a typical 
data acquisition 
system such as Fig- 
ure 7, the dominant 
delay is not the switching 
time of 


the MAX358 multiplexer, 
but is the settling time of the 
following 
amplifiers 
and S/H. Another 
limiting 
factor 
is the RC time constant 
of the multiplexer 
ROS(ON) 


plus the signal 
source 
impedance 
multiplied 
by the 


load 
capacitance 
on the output 
of the 
multiplexer. 


Even with 
low signal 
source 
impedances, 
100pF of 


capacitance 
on the multiplexer 
output 
will approxi- 
mately double the settling time to 0.01% accuracy. 


Operation with Supply Voltages 
Other than ±15V 


The main effect of supply voltages other than ±15V is 
the 
reduction 
in output 
signal 
range. The 
MAX358 


limits 
the output 
voltage 
to about 
1.5V below +Vsup 
and about 3V above -VsuP' In other words, the output 
swing 
is limited to +3.5V to -2V when operating 
from 


±5V. The typical 
characteristics 
graphs 
show typical 


ROS(ON) for 
±15V, ±10V, and 
±5V 
power 
supplies. 


MaXim 
tests 
and 
guarantees 
the 
MAX358/359 
for 
operation 
from ±4.5V to ±18V supplies. The switching 
delays 
are increased 
by about 
a factor 
of 2 at ±5V, 


but break-before-make 
action is preserved. 


The MAX358/9 
can be operated 
with a single +9V to 


+22V supply, as well as asymmetrical 
power supplies 
such 
at +15V and 
-5V. 
The 
digital 
threshold 
will 


remain 
approximately 
1.6V above 
the 
Ground 
pin, 


and the analog 
characteristics 
such as ROS(ON)are 


determined 
by the total 
voltage 
difference 
between 


+Vsup and -VsuP. Connect 
-Vsup to OV when operat- 


ing with a +9V to +22V single supply. 


The MAX358 digital 
threshold 
is relatively 
independ- 
ent 
of 
the 
power 
supply 
voltages, 
going 
from 
a 


Table 1A. MAX358 AND HI-508A 
CHARGE INJECTION 


Supply Voltage 
Analog Input Level 
Injected Charge 


+1.7V 
+100pC 
±SV 
OV 
+70pC 


-1.7V 
+4SpC 


+SV 
+200pC 
±10V 
OV 
+130pC 


-SV 
+60pC 


+10V 
+300pC 
±1SV 
OV 
+180pC 


-10V 
+SOpC 


Test Conditions: CL = 1000pF on multiplexer output; the tabulated 
analog input level is applied to channel 1; channels 2 through 
8 


inputs are open circuited. 
EN = +SV,A, = Az = OV,Ao is toggled at 


2kHz rate between OVand 3V.+100 picocoulombs 
of charge creates 


a +100mV step when injected into a 1000pF load capacitance. 


Table 18. MAX359 AND HI-509A 
CHARGE INJECTION 


Supply 
Analog 
Injected Charge 


Voltage 
Input Level 
Out A 
OutB 
OlHerentlal 


A-B 


+1.7V 
+10SpC 
+107pC 
-2pC 
±SV 
OV 
+73pC 
+74pC 
-1pC 


-1.7V 
+48pC 
+SOpC 
-2pC 


+SV 
+21SpC 
+220pC 
-SpC 
±10V 
OV 
+13SpC 
+139pC 
-4pC 


-SV 
+62pC 
+63pC 
-1pC 


+10V 
+32SpC 
+330pC 
-SpC 
±1SV 
OV 
+180pC 
+18SpC 
-SpC 


-10V 
+SSpC 
+SSpC 
OpC 


Test Conditions: CL = 1000pF on Out A and Out B; the tabulated 
analog input level is applied to inputs 1Aand 1B; channels 2through 
4 are open circuited. EN = +SV,A, = OV,Aois toggled from OVt03V at 
a 2kHz rate. 


typical 
1.6V when +Vsup is 15V to 1.5V typical 
with a 


5V +VsuP. This means that Maxim 
HI-508/509A 
and 


MAX358/359 
will 
operate 
with 
standard 
TTL 
logic 


levels, even with ±5V power supplies. 
In all cases, the 


threshold 
of the ENable pin is the same as the other 


logic inputs. 


Digital Interface Levels 


The typical digital threshold of both the address lines and 
the enable pin is 1.6V,with a temperature 
coefficient 
of 


about -3mV/oC. This ensures compatibility 
with 0.8V to 


2.4V TTL logic swings over the entire temperature range. 
The digital 
threshold 
is relatively 
independent 
of the 


supply voltages, moving from 1.6Vtypical to 1.5Vtypical 
as the power supplies are reduced from ±15V to ±5V.ln 
all cases, the digital 
threshold 
is referenced 
to the 


Ground 
pin. 


The digital inputs can also be driven with CMOS logic 
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levels swinging 
from 
either 
+VsuP to -Vsup 
or from 


+VsuP to Ground. The digital input current is just a few 
nanoamps 
of leakage at all input voltage levels, with a 
guaranteed 
maximum 
of 1/lA. The digital 
inputs are 
protected 
from ESD by a 30V zener diode between the 


input and +VsuP, and can be driven ±iN beyond 
the 
supplies without 
drawing 
excessive current. 


Operation as a Demultiplexer 


The MAX358/9 will function 
as a demultiplexer, 
where 


the input is applied to the Output pin, and the Input pins 
are used as outputs. 
The 
MAX358/9 
provides 
both 
break-before-make 
action and full fault protection when 
operated as a demultiplexer, 
unlike earlier generations 
of fault protected 
multiplexers. 
Channel-to-Channel Crosstalk, 
Off Isolation and Digital Feedthrough 


At DC and low frequencies 
the channel-to-channel 


crosstalk 
is caused 
by variations 
in output 
leakage 


currents as the off channel input voltages are varied. The 
MAX358 output leakage varies only a few picoamps as 
all 7 off inputs are toggled from -10V to +10V.The output 
voltage change depends on the impedance 
level at the 
MAX358 output, which is RDS(ON) plus the input signal 
source resistance in most cases since the load driven by 
the MAX358 is usually a high impedance. 
For a signal 


source impedance 
of 10kn or lower, the DC crosstalk 
exceeds 120dB. 


Table 2 shows typical 
AC crosstalk 
and off isolation 


performance. 
Digital 
feedthrough 
is masked 
by the 


analog 
charge 
injection 
when the output 
is enabled. 
When the output is disabled, the digital feedthrough 
is 


virtually 
unmeasureable, 
since 
the 
digital 
pins 
are 


physically 
isolated 
from 
the analog 
section 
by the 


Ground 
and -Vsup pins. The ground plane formed 
by 


these 
lines is continued 
onto 
the MAX358/9 
die to 


provide 
over 100dB isolation 
between the digital 
and 


analog sections. 


Table 2A. TYPICAL 
OFF ISOLATION 
REJECTION 
RATIO 


Frequency 
100kHz 
500kHz 
1MHz 


One Channel Driven 
74dB 
72dB 
66dB 


All Channels Driven 
64dB 
48dB 
44dB 


Test Conditions: V1N= 20VpK_PK at the tabulated frequency, RL = 1.5k 
between OUT and ground, EN = OV. 


20VPK_PK 


OIRR 
= 20 Log 
VOUT 
(PK-PK) 


Table 28. TYPICAL 
CROSSTALK 


REJECTION 
RATIO 


Frequency 
100kHz 
500kHz 
1MHz 


RL = 1.5k 
70dB 
68dB 
64dB 


RL = 10k 
62dB 
46dB 
42dB 


Test Conditions: Specified RL connected from OUT to ground, EN = 
+5V, Ao = A, = A2 = +5V (Channel 
1 selected). 20VPK_PK at the 


tabulated frequency is applied to Channel 2. All other channels are 
open circuited. 
Similar crosstalk rejection 
can be observed 
between 


any two channels. 
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PART 
TEMP. 
RANGE 
PACKAGE 


HI1-QS08A-2 
-SsoC to +12SoC 
16 Lead CERDIP 


HI1-QS08A-S' 
DOC to +7SoC 
16 Lead CERDIP 


HI3-0S08A-S' 
DOC to +7SoC 
16 Lead Plastic DIP 


HI1-Q509A-2 
-SsoC to +12SoC 
16 Lead CERDIP 


HI1-Q509A-S' 
DOC to +7SoC 
16 Lead CERDIP 


HI3-0509A-S' 
DOC to +7SoC 
16 Lead Plastic DIP 


MAX358 
HI-508A 


0.158" 


(4.01mm) 


MAX359 
HI-509A 


~ 


OI39"~ 
(3.531mm) 


OUT. 
OUTA 


~ 


-1M. 
I 


1M" 
0.158" 


(4.01mm) 


~I'I~JXI~I'I 


Fault-Protected 


Analog Multiplexer with Latch 


_______ 
General Description 


Maxim's MAX368/369 
are 8 channel single-ended 
(1 of 
8) and 
4 channel 
differential 
(2 of 8) fault-protected 
multiplexers 
with on-chip 
data latches. 
Using a series 
N-channel, 
P-channel, 
N-channel 
structure, these multi- 
plexers 
provide 
significantly 
inproved 
fault protection 
over previous 
devices. 
If power to the multiplexers 
is 
removed while input voltages 
are still applied, 
all chan- 


nels turn off, allowing only a few nanoamperes 
of leakage 
current to flow in the inputs. This not only protects 
the 
multiplexer and the circuitry connected 
to the output, but 
also protects the sensors or signal sources which drive 
the multiplexer 
inputs. 


When an overvoltage 
signal of up to ±35V is applied 
to 
an analog 
input of a Maxim fault-protected 
multiplexer, 
that input channel turns off. If the overvoltage 
is applied 
to an on channel, 
the multiplexer 
output 
is clamped 
to 


less than its power supply 
voltage, 
thereby 
protecting 
sensitive 
circuitry 
that may be connected 
to the multi- 
plexer output. 


All channel 
selection 
and control 
inputs are fully com- 


patible with both TTL and CMOS logic levels. In addition, 
break-before-make 
switch operation 
is guaranteed 
and 
typical 
power dissipation 
is less than 7 milliwatts, which 
makes the MAX 368/369 ideally suited for portable equip- 
ment usage. 
__________ 
Applications 


Data Acquisition 
Systems 


Industrial Process Control Systems 


Avionics Test Equipment 


Signal Routing Between Systems 


Computer Controlled Analog Data Logging 


Input Protected Differential Input 


Data Acquisition 
System 


____________ 
Features 


• 
All Switches Off with Power Supplies Off 


• 
Overvoltage 
Protection up to ±35V 


• 
Only Nanoamperes 
of Input Current under All 


Fault Conditions 


• 
LatCh-Up Proof Construction 


• 
Operates from ±4.5 to ±18V Supplies 


• 
All Digital Inputs are TTL and CMOS 
Compatible 


• 
Internal Data Latches for Channel Selection 


______ 
Ordering Information 


PART 
TEMP. RANGE 
PACKAGE 


MAX368C/D 
O'C to +70'C 
Dice 


MAX368CPN 
O'C to +70'C 
18 Lead Plastic DIP 


MAX368CJN 
O'C to +70'C 
18 Lead CERDIP 


MAX368CWN 
O'C to +70'C 
18 Lead Wide SO 
MAX368EPN 
-40'C to +8S'C 
18 Lead Plastic DIP 


MAX368EJN 
-40'C to +8S'C 
18 Lead CERDIP 


MAX368EWN 
-40"C to +8S'C 
18 Lead Wide SO 
MAX368MJN 
-SS"C to + 12S'C 
18 Lead CERDIP 


MAX369C/D 
O'C to +70'C 
Dice 


MAX369CPN 
O'C to +70'C 
18 Lead Plastic DIP 


MAX369CJN 
O'C to +70'C 
18 Lead CERDIP 


MAX369CWN 
O'C to +70'C 
18 Lead Wide SO 


MAX369EPN 
-40'C to +8S'C 
18 Lead Plastic DIP 


MAX369EJN 
-40'C to +8S'C 
18 Lead CERDIP 


MAX369EWN 
-40'C to·+8S·C 
18 Lead Wide SO 


MAX369MJN 
-SS'C to + 12S'C 
18 Lead CERDIP 


• 
JIDAS 


A1 


.NlAXINI 
1 
~~D 


MAX368 
v· 


INs 
IN6 


1 
IN? 


'--__ 
--I' 
INS 
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ABSOLUTE MAXIMUM RATINGS 
Voltage between Supply Pins 
V· 
V- 
........•.. 


Digital Input Overvoltage: 


V 
V 
{VSUPPIY(+),. 


EN, 
A 
VSupply(-) .. 


Analog Input Overvoltage 
with Multiplexer 
Power On: 


Vs 
{ VSUpply(+) 
.. 
.. 
.. 
. 
. 


VSUPply(-) . . . . . . . .. 
. 
. 


Analog Input Overvoltage 
with Multiplexer 
Power Off: 


V 
{ VSupply(+) 
S 
VSUpply(_) . 


Continuous 
Current, S or D 


Peak Current, S or D 


(Pulsed 
at 1ms, 10% duty cycle 
max) 


Power Dissipation 
(Note 1) (CERDIP) . 


Operating 
Temperature 
Range: 


MAX368/369C 
. 


MAX368/369E 
MAX368/369M 
. 


Storage Temperature 
Range 


Note 1: Derate 12.8mWrC above TA = +70'C 


.... 
+44V 
+22V 


... 
-22V 


. 
O'C to +70'C 
....... 
, 
-40·C to +8S'C 


. .-SS·C to +12S'C 


. -6S'C to + 1S0'C 


Stresses above those listed under "Absolute Maximum Ratings· may cause permanent 
damage 
to the device. 
These are stress ratings only and functional 


operation of the device at these or any other conditions above those indicated in the operatIOnal sections of the specif,cations 
is not Implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliabllily. 


ELECTRICAL CHARACTERISTICS 


(V· = +1SV, V- = -1SV; GND = 0, WR = 0, RS = 2.4V unless otherwise 
noted.) 


SYMBOL 
CONDITIONS 
TEMP' 
I 
MSUFFIX 
I 
E,CSUFRX 
UNITS 
PARAMETER 
TYP 
I 
MIN 
MAX I 
MIN 
MAX 
ANALOG SWITCH 


Analog Signal Range 
VANALOG 
(Note 2) 
1 
-1S 
1S 
-1S 
1S 
V 


Drain-Source 
rOS(ON) 
VD = ±10V, VAL= 0.8V 
1,3 
1SOD 
1800 
n 
ON Resistance 
Is = 100~A, VAH= 2.4V 
2 
1800 
2000 


Greatest Change 
in rDS(ON) 
/'; 


-10V < Vs < 10V 
1 
10 
% 
Between Channels 
rOS(ON) 


Source OFF 
Vs = ±10V 
1 
-O.OOS 
-1 
1 
-S 
-S 
Leakage Current 
Is (OFF) 
Vo = :+lOV 
2 
-SO 
SO 
-SO 
SO 


VEN= 0.8V 
Vo = ±10V 
1 
-O.D1S 
-2 
2 
-S 
S 
MAX368 
Vs=+10V 
2 
-200 
200 
-200 
200 
Drain OFF 
ID(OFF) 


Leakage Current 
MAX369 
VD = ±10V 
1 
-0.008 
-1 
1 
-S 
S 
Vs= +lOV 
2 
-100 
100 
-100 
100 
nA 


MAX368 
Vs = VD = ±10V 
1 
-0.03 
-2 
2 
-S 
S 
2 
-200 
200 
-200 
200 
Drain ON 
ID(ON) 
VEN= 2.4V 


Leakage Current 
VAL = 0.8V 
MAX369 
VAH= 2.4V 
1 
-0.01S 
-1 
1 
-S 
S 
2 
-100 
100 
-100 
100 


LOGIC INPUT 


VA = 2.4V 
1,2,3 
-0.002 
-1 
1 
-1 
1 
Logic Input Current 
IAH 
(Input Voltage High) 
VA = 14V 
1,2,3 
0006 
-1 
1 
-1 
1 
~A 


Logic Input Current 
IAL 
VEN= 0 or 2.4V, VA = OV 


1,2,3 
-0.002 
-1 
1 
-, 
1 
(Input Voltage Low) 
RS = OV, WR = OV 


FAULT 


Output Leakage Current 
ID(OFF) 
VD = OV (Note 3) 
1 
-10 
10 
-20 
20 
nA 
(with Overvoltage) 
Analog Overvoltage 
= ±33V 
2 
-2000 
2000 
-2000 
2000 


Input Leakage Current 
Is (OFF) 
V,N = ±2SV, VD = ±10V 
1 
-S 
S 
-10 
10 
~A 
(with Overvoltage) 
(Note 3) 


Input Leakage Current 
ID(OFF) 
V,N = ±2SV, VEN= Va = OV 
1 
-2 
2 
-S 
S 
~A 
(with Power Supplies 
Off) 
Aa = A, = A2 = OVor SV 


'1 = 2S'C, 
2 = 12S'C, 8S'C, 70'C, 
3 = -SS'C, -40'C, O'C 
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ELECTRICAL CHARACTERISTICS 
(continued) 


(V* = + 15V, v- = -15V; GND = 0, WR = 0, RS = 24V unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
TEMP' 
TYP 
MSUFFIX 
I 
E,C SUFFIX 
UNITS 


MIN 
MAX 
I MIN 
MAX 


DYNAMIC 


Switching 
Time of 
tTRANS 
See Figure 2 
1 
0.6 
1 
1 
Multiplexer 


Break-Before-Make 
tOPEN 
See Figure 4 
1 
0.2 
Interval 


Enable and Write 
Ils 


Turn ON Time 
tON(EN.WR) 
See Figures 3 and 5 
1 
1 
1.5 
15 


Enable and Reset 
tOFF(EN.AS) 
See Figures 3 and 6 
1 
04 
1 
1 
Turn OFF Time 


Charge Injection 
Q 
See Figure 7 and 
1 
55 
pC 
Tables lA and 1B 


VEN= 0, RL = 1kf.! 


OFF Isolation 
OIRR 
CL = 15pF, 
V'N =7VRMS 
1 
68 
dB 
f = 100kHz 


Logic Input Capacitance 
C,N 
f= 
1MHz 
1 
5 
pF 
with Switch OFF 


Input Capacitance 
CS(OFF) 
V'N = 0 
1 
5 
with Switch OFF 
VEN= 0 
Output 
MAX368 
f = 140kHz 
1 
25 
pF 
Capacitance 
COIOFF) 
VOUT= 0 
with Switch 
OFF 
MAX369 
1 
12 


WR Pulse Width 
tww 
See Figure 1 
1,2,3 
300 
300 


Ax~ 
Data Valid 
tow 
Set-up Time 
1,2,3 
180 
180 
toWR 
See Figure 1 


ns 


Ax, EN Data Valid 
two 


Hold Time 
1,2,3 
0 
10 
30 
afterWR 
See Figure 1 


RS Pulse Width 
tRS 


V,N = 5V 
1,2,3 
300 
500 
See Figure 1 


SUPPLY 


Positive Supply Current 
1* 
1.25 
1.5 
1,2,3 
15 
20 
VEN= 24V, VA = OV/5V 
mA 
Negative Supply 
1- 
-0.1 
-0.1 
Current 
1,2,3 
-0.2 
-0.2 


Note 2: When the analog signal exceeds 
+ 13.5V or -12V, the blocking 
action of Maxim's gate structure goes into 
operation. 
Only leakage currents flow and the channel on resistance 
rises to infinity. 


Note 3: The value shown is the steady state value. The transient leakage is typically 
lOIlA. 
See detailed 
description. 


Note 4: 
Electrical Characteristics, 
such as ON Resistance 
will change when power supplies other than ±15V are used. 


Note 5: 
Digital input leakage is primarily due to the clamp diodes. Typical leakage is less than lnA at +25°C. 
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G) 
TRUTH TABLE - 
MAX368 
TRUTH TABLE - 
MAX369 
CD 


~ 


A2 
ON 
ON 
SWITCH 
Al 
SWITCH 
ca 
CD 
Maintains 
Maintains 


~ 


X 
previous 
X 
prevIous 
switch condition 
SWitch condition 


~ 


X 
NONE 
NONE 
(latches 
cleared) 
X 
(latches 
cleared) 


Transparent 
Operation 
Transparent 
Operation 


X 
X 
X 
0 
0 
NONE 
X 
X 
0 
0 
NONE 
0 
0 
0 
1 
0 
1 
0 
0 
1 
0 
1 
0 
0 
1 
1 
0 
2 
0 
1 
1 
0 
2 
0 
1 
0 
1 
0 
3 
1 
0 
1 
0 
3 
0 
1 
1 
1 
0 
4 
1 
1 
1 
0 
4 
1 
0 
0 
1 
0 
5 


1 
0 
1 
1 
0 
6 


1 
1 
0 
1 
0 
7 


1 
1 
1 
1 
0 
8 


WR3V~5V 


o 
...-- 
tww ----+ 


.••...low.. 
tWD 


3V 


EN. AO. At.IA21 
o 
o 


SWITCH 
OUTPUT 


LOGIC 
INPUT 
SWITCH 
Ir <20 ns 
OUTPUT 


11<20ns 


V1Nl 
Vo 


SWITCH 
0 
35pf 


OUTPUT 
08V,N8 


Vo 
V,N8 
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.24V 
.15V 
E 


IN --0 
-5V 
t1 


IN:! THRU INB 
SWITCH 
OUTPUT 
0) 


Vo 
~ 


lill I 35pF 
W 
1 
0) 
CD 


+24V 
+15V 


v· 
IN'B 
-5V 


IN'A T~:1~ I~~AB~~;~ 
SWITCH 
OUTPUT 


OUTB. OUT 
VOB 
V- 


lk11 
35pF 
1I 
DI 


o 
OlVO 


SWITCH 
OUTPUT 
Vo 
0.9VO 
Vo 


VIN1 


I, <20ns 
+2AV 


II <20ns 
+15V 


3V 


LOGIC 
3V 


50% 
1.5V 
EN 
V· 
INPUT 
1.5V 
Rs 
0 
ALLIN AND OUTA 
.5V 
SWITCH 
OUTPUT 


VIN 
Vo 


SWITCH 
BO% 
LOGIC 
OUTPUT 
INPUT 
50n 
lk11 I 


35pF 
Vo 


ov 
_I 
I_IOPEN 
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SWITCH 
OUTPUT 
Vo 


3V 


AS 
I 5V 


(]V 


SWITCH 
OUTPUT 
0 
Vo 
-'"'''~~ 


0.8VO 


I 


EN 
I 
_--.J 


GNO 
\VA 


V· 
INI OR IN18 


REMAINING 
SWlTCHES 


OUT8, OUT 
V· 


V· 
INI OR INIB 


REMAINING 
SWITCHES 


OUTB, OUT 
V· 
I 35pF 


2.4V 
EN 


~Vo 
VA 
I 
CL .1000 
pF 


/ 
\ 
" 
/ 
"va 
-j 


A Vo IS THE 
MEASURE 
OF VOLTAGE 
ERROR 
DUE TO 
CHARGE 
INJECTION, 
THE CHARGE 
INJECTION 
IN 
COULOMBS 
IS a = CL x A Vo 
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Detailed Description 
--------- 
Fault Protection 
Circuitry 


Maxim's 
MAX368/369 
are fully fault-protected 
for con- 


tinuous 
input voltages 
up to ±35V, whether 
or not the 
+Vsup and 
-Vsup power 
supplies 
are present. 
These 
devices use a "series FET" protection scheme which not 
only protects the multiplexer output from overvoltage, 
but 
also limits the input current to sub-microamp 
levels. 


Figures 8 and 9 show how the series FET circuit protects 
against overvoltage 
conditions. 
When power IS off, the 
gates of all the FETs are at ground. 
With a -25V input, 


N-channel 
FET 01 
is turned 
on by the +25V gate-to- 


source voltage. The P-channel device (02), however, has 
+25V VGSand is turned off, thereby preventing 
the input 


signal from reaching 
the output. 
If the input voltage 
is 
+25V, 01 has a negative VGS,which turns it off. Similarly, 
only sub-microamp 
leakage currents 
can flow from the 


output back to the input, since any over voltage Will turn 
off either 01 or 02 


Figure 10 shows the condition 
of an OFF channel with 
+Vsup and -Vsup present. As with Figures 8 and 9, either 


-25V 
OVERVOLTAGE 


N-CHANNEl 
MOSFET 
IS TURNED ON 
BECAUSE VGS ~ .25V "1 


P-CHANNEl 
-= 


MOSFET IS OFF 


.25V 
FORCED 


ON COMMON 


-25V 
OUTPUT 
OVERVOlTAGE 
LINE BY 


N-CHANNEl 
MOSFET 
eM~nl~~~ 
IS TURNED ON 


BECAUSE VGS ~ .IOV 


-15V 
FROM ~ 
M~sm~~blFF 
DRIVERS 
.15V 
FROM 
DRIVERS 
P-CHANNEl 
MOSFET IS OFF 


an N-channel 
or a P-channel 
device 
will be off for any 
input voltage from -35V to +35V. The leakage current with 
negative 
overvoltages 
will immediately 
drop 
to a few 
nanoamps 
at 25°C. For positive 
overvoltages 
the fault 
current will initially be 10 or 20~A, decaying 
over a few 
seconds 
to the nanoamp 
level. The time constant of this 
decay is caused by the discharge 
of stored charge from 
internal nodes and does not compromise 
the fault protec- 
tion scheme. 


Figure 
11 shows the condition 
of the ON channel 
with 
+Vsup and -Vsup present. With input voltages 
less than 
±10V, all three FETs are on and the input signal appears 
at the output. If the input voltage exceeds 
+Vsup minus 


the N-channel threshold voltage (VTN), then the N-chan- 
nel FET will turn off. For voltages 
more negative 
than 


-Vsup minus the P-channel threshold (VTPj,the P-channel 
device will turn off. Since VTNis typically 
1.5V and VTPis 
typically 
3V, the multiplexer's 
output swing is limited to 
about -12V to + 13.5V with ±15V supplies 


S 


N-CHANNEl 
MOSFET 
IS TURNED OFF 


BECAUSE VGS ~ -25V 
"} 


.25V 
OVERVOLTAGE 


N-CHANNEl 
MOSFET 
IS TURNED OFF 


BECAUSEVGS~-IOV rP 


.15VFROM 
-15VFROM 
DRIVERS 
DRIVERS 
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The Typical Operating Characteristics 
graphs show typi- 
calleakage 
vs input voltage curves. Although the maxi- 
mum rated overvoltage 
of these devices 
is ±35V, the 
MAX368/369 
typically 
has excellent 
performance 
up to 
±40V, providing 
additional 
margin for the unknown tran- 
sients 
that 
exist 
in the 
real world. 
In summary, 
the 
MAX368/369 
provides 
superior 
protection 
from all fault 
conditions, 
while 
using 
a standard, 
readily 
produced 
junction isolated CMOS process. 


Digital Control Circuitry 


The internal structure of the MAX368/369 includes trans- 
lators for the /:«), Al, A2, EN, RS, and WR digital inputs, 
latches, 
a decode 
section 
for channel 
selection 
(see 
Truth Tables on the fourth page of this data sheet). The 
gate structure 
consists of series N-channel/ 
P-channel/ 
N-channel 
MOSFETs (see Figure 12). This combination 
produces 
a very rugged, 
fault tolerant multiplexer 
with 
address latch capability, 
and does so with extremely low 
power dissipation. 


Write (WR), and 
Reset (RS) strobes 
are provided 
for 


interfacing 
with microprocessor 
bus lines (Figure 
13), 
alleviating 
the need for the microprocessor 
to provide 


constant address 
inputs to the MUX in order to hold on 
to a particular channel. 


When the write strobe is in the low state (less than O.8V), 
and the reset strobe 
is in the high state (greater 
than 
2.4V), the MUXs are in the transparent 
mode; this means 


. 
rl·PROTECTION 
Ax 
_ 


that the MUXs act similar to non-latching 
MUXs such as 


the MAX358/359 or the HI-508A/509A 


When the write input goes to the high state (>2.4V), the 
previous BCD address 
input will be latched and held in 
that state indefinitely,jJ) 
pull the MUX out of this state, 


either the write input (WR) must be taken low (O.8V), back 
to the transparent 
state, or the Reset (RS) input taken low, 


turning off all channels. 


The function of the Reset input is to allow for turning off 
all channels when the RS input is low «O.8V); this has the 
dual function of resetting channel selection 
back to the 
channell 
mode. 


The MAX368/369 
is designed 
to work with single as well 
as dual supplies, 
and good 
performance 
can be ex- 
pected in the 9V to 22V single supply range. For example, 
with a single + 15V power supply, 
analog signals in the 
range of +3.3V to + 12V can be switched 
normally, and 
overvoltages 
up to ±35V can still be tolerated. 
If negative 
signals, around OV are expected, 
a negative 
supply 
is 


needed. However, only -5V is needed to normally switch 
signals in the -2V to + 12V range (-5V, + 15V supplies). 
No 
current is drawn from the negative 
supply, 
so Maxim's 
MAX635 D/C to D/C converter 
does the job very nicely. 


The EN latch allows all switches to be turned OFF under 
program control. This becomes useful when two or more 
MAX368s 
are cascaded 
to build 
16-line 
and 
larger 
analog signal input multiplexers . 
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INPUT 
LEAKAGE 
YS. 


INPUT 
YOLTAGE 
WITH 
Y· = Y- = OY 


l-I-- 
PE 
TIN --4 
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/' 


IOQ>A 


l~A 


-50 
-30 
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-10 
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V" 


OFF CHANNEL 
LEAKAGE 
CURRENT 
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OUTPUT 
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YS. 


OFF CHANNEL 
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±15Y SUPPLIES 
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-lOV 
-5V 
0 
·SV 
·IOV 
·15V 
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ANALDG 
INPUT 
___________________________ 
App'ications 


Operation 
with Supply Voltages 
Other than ±15V 


The main effect of supply voltages other than ±15V is the 
reduction 
in output signal range 
The MAX368/369 
limits 


the output voltage to about 1.5V below +Vsup and about 
3V above' -VsuP. In other words, 
the output 
swing 
is 


limited to +3.5V to -2V when operating 
from ±5V. The 
Typical 
Operating 
Characteristics 
graphs 
show typical 
ROS(ON)for ±15V, ±10V, and ±5V power supplies. 
Maxim 
guarantees 
the MAX368/369 
for operation 
from ±4.5V to 
±18V supplies. The switching delays increase by about a 
factor 
of 2 at ±5V, 
but 
break-before-make 
action 
is 
preserved. 


The MAX368/369 
can be operated 
with a single +9V to 
+22V supply, 
as well as asymmetrical 
power supplies 
such as + 15V and -5V. The digital threshold will remain 
approximately 
1.6V above 
the GROUND 
pin, and the 
analog characteristics 
such as ROS(ON)are determined 


by the total voltage difference between +Vsup and -Vsup 
Connect -Vsup to OVwhen operating 
with a +9V to +22V 
single supply. 


The 
MAX368/369 
digital 
threshold 
is relatively 
inde- 
pendent 
of the power 
supply 
voltages, 
going 
from a 
typical 
1.6V when +Vsup is 15V to 1.5V typical with a 5V 
+VsuP.This means that Maxim's MAX368/369 will operate 
with standard 
TIL 
logic 
levels, 
even with ±5V power 


supplies. 
In all cases, the threshold 
of the Enable pin is 


the same as the other logic inputs. 
Operation as a Demultiplexer 


The MAX368/369 will function as a demultiplexer, 
where 
the input is applied to the Output pin, and the Input pins 
are used 
as outputs. 
The MAX368/369 
provide 
both 
break-before-make 
action and full fault protection 
when 
operated as a demultiplexer, 
unlike earlier generations 
of 


fault protected 
multiplexers. 
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Switching Characteristics 
and Charge Injection 


Table 1 shows typical charge injection levels vs. power 
supply voltages and analog input voltage for the MAX368 
and 
MAX369. 
Note that since 
the channels 
are well 
matched, 
the 
differential 
charge 
injection 
for 
the 


MAX368/369 
is typically 
less than 5 picocoulombs. 
The 
charge 
injection that occurs during switching 
creates a 
voltage transient whose magnitude 
is inversely propor- 


tional to the capacitance 
on the multiplexer output. 


The channel-to-channel 
switching time is typically 600ns, 
with about 200ns of break-before-make 
delay. This 200ns 
break-before-make 
delay 
prevents 
the 
input-to-input 
short that would occur if two input channels were simul- 
taneously 
connected 
to the output. 
In a typical 
data 
acquisition 
system such as that shown in Figure 13, the 


dominant 
delay 
is not 
the 
switching 
time 
of 
the 
MAX368/MAX369 
multiplexer 
but is the settling time of 


the following amplifier and sample/hold. 
Another limiting 


factor is the RC time constant of the multiplexer 
RDs(oN) 


plus the signal source impedance 
multiplied 
by the load 
capacitance 
on the output of the multiplexer. 
Even with 
low signal source impedances, 
100pF of capacitance 
on 
the multiplexer output approximately 
doubles the settling 


time for 0.01 % accuracy 
settling. 


Digita' 'nterface Leve's 


The typical digital threshold of both the address lines and 
the enable pin is 1.6V, with a temperature 
coefficient 
of 
approximately 
-3mV/oC. This ensures compatibility 
with 


0.8V to 2.4V TIL logic swings over the entire temperature 
range. The digital threshold 
is relatively independent 
of 
the supply 
voltages, 
moving 
from 1.6V typical 
to 1.5V 


typical as the power supplies are reduced 
from ±15V to 
±5V. In all cases, the digital threshold is referenced to the 
GROUND pin. 
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PROCESSOR 


SYSTEM 
BUS 


±15V 
ANALOG 
INPUTS 


10FB 


ANALOG 
INPUTS 


- 


Supply 
Voltage 
Analog 
Input 
Level 
Injected 
Charge 


+1.7V 
+100pC 


±5V 
OV 
+70pC 


-1.7V 
+45pC 


+5V 
+200pC 
±10V 
OV 
+130pC 


-5V 
+60pC 


+10V 
+300pC 


±15V 
OV 
+180pC 


-10V 
+50pC 


Test Conditions: 
CL = 1000pF on multiplexer 
output; the tabu- 


lated analog input level is applied to channel 1; channels 2 
through 8 inputs are open circuited. EN = +5V, A, = A2 = OV, Ao 
is toggled at 2kHz rate between OV and 3V. +100 picocoulombs 
of charge creates a +1OOmV step when injected into a 1000pF 
load capacitance. 


Supply 
Analog 
Injected 
Charge 


Voltage 
Input 
Level 
Out A 
OutB 
Di~~'irtial 


+1.7V 
+105pC 
+107pC 
-2pC 


±5V 
OV 
+73pC 
+48pC 
-1pC 
-1.7V 
+48pC 
+50pC 
-2pC 


+5V 
+215pC 
+220pC 
-5pC 


±10V 
OV 
+135pC 
+139pC 
-4pC 
-5V 
+62pC 
+63pC 
-1pC 


+10V 
+325pC 
+330pC 
-5pC 


±15V 
OV 
+180pC 
+185pC 
-5pC 
-10V 
+55pC 
+55pC 
OpC 


Test Conditions: 
CL = 1OOOpFon Out A and Out B; the tabulated 
analog input level is applied to inputs 1A and 1B; channels 
2 
through 4 are open circuited. 
EN = +5V, A, = OV, Ao is toggled 
from OV to 3V at a 2kHz rate. 
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The digital 
inputs can also be driven with CMOS logic 
levels swinging from either +Vsup to -Vsup or from +Vsup 
to Ground. 
The 
digital 
input 
current 
is just 
a few 
nanoamps 
of leakage at all input voltage 
levels, with a 
guaranteed 
maximum 
of 
11lA. The digital 
inputs 
are 
protected 
from ESD by a 30V zener diode between the 
input and +VsuP, and can be driven 
±6V beyond 
the 
supplies without drawing excessive current. 


Channel·to·Channel 
Crosstalk, 


Off Isolation 
and Digital 
Feedthrough 


At DC and 
low frequencies, 
the 
channel-to-channel 
crosstalk 
is caused 
by variations 
in output leakage cur- 
rents as the off channel 
input voltages 
are varied. 
The 
MAX368/369 output leakage varies only a few picoamps 
as all 7 off inputs are toggled 
from -10V to + 1OV. The 
output voltage change depends on the impedance 
level 
at the MAX368/369 output, which is Ros(oN) plus the input 
signal source 
resistance 
in most cases, since the load 
driven by the MAX368/369 
is usually a high impedance. 


For a signal source impedance 
of 10kn or lower, the DC 
crosstalk exceeds 
120dB. 


Table 
2 shows 
typical 
AC crosstalk 
and off isolation 
performance. 
Digital 
feedthrough 
is masked 
by the 
analog charge injection when the output is enabled. 


When the output 
is disabled, 
the digital feedthrough 
is 
virtually unmeasurable, 
since the digital pins are physi- 
cally isolated from the analog section by the GROUND 
and -Vsup pins. The groundplane 
formed by these lines 
is continued 
onto the MAX368/369 
die to provide 
over 
1OOdBisolation between the digital and analog sections. 


Table 2A. TYPICAL OFF ISOLATION 
REJECTION RATIO 


Frequency 
100kHz 
500kHz 
1MHz 


One ChannelDriven 
74dB 
72dB 
66dB 


All ChannelsDriven 
64dB 
48dB 
44dB 


TestConditions:V'N= 20VPK-PKat the tabulatedfrequency, 
RL= l.5k betweenOUT andground, EN = OV. 


OIRR = 20 Lo 
20 VPK-PK 
g 
VOUT(PK-PK) 


Table 28. TYPICAL CROSSTALK 
REJECTION 
RATIO 


Frequency 
100kHz 
500kHz 
1MHz 


RL= 1.5k 
70dB 
68dB 
64dB 


RL= 10k 
62dB 
46dB 
42dB 


Test Conditions:SpecifiedRLconnectedfrom OUT to ground, 
EN = +5V,Ao= A, = A2=OV(Channell selected).20VPK_PK 
at 
the tabulatedfrequencyis appliedto Channel2. All other chan- 
nels are opencircuited.Similarcrosstalkrejectioncan be ob- 
servedbetweenanytwo channels. 


_______________________ 
Chip Topographies 


MAX369 


I 
AS 
WFlAoI 
l--- 
0.136" -------.l 


3.45mm 


GND 


N.C. 


A, 
I 
AS 
WRAoI 
l--- 
0.136" ----I 
3.45mm 


l1li 
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Features 


• 
Fault Input Voltage ±75V with Power Supplies Off 


• 
Fault 
Input 
Voltage 
±60V 
with 
±15V 
Power 


Supplies 


• 
All Switches Off with Power Supplies Off 


• 
On Channel lUrns OFF if Overvoltage Occurs on 
Input or Output 


• 
Only 
Nanoamperes 
of 
Input 
Current 
Under 
All 


Fault Conditions 


• 
No 
Increase 
In Supply 
Currents 
Due to 
Fault 


Conditions 


• 
Latchup-proof 
Construction 


• 
Operates From ±4.5V to ±18V Supplies 


• 
All Digital Inputs are TTL and CMOS Compatible 


• 
Low-Power 
Monolithic 
CMOS Design 
_______ 
Ordering Information 


_______ 
General Description 


Maxim's MAX378 is an 8 channel single-ended (1 of 8) 
multiplexer 
with fault protection, 
and the MAX379 is a 
4 channel 
differential 
(2 of 8) multiplexer 
with fault 
protection. 
Using 
a series 
N-channel, 
P-channel, 


N-channel structure, these multiplexers 
provide signi- 
ficant 
fault 
protection. 
If the power supplies 
to the 
fault-protected 
multiplexers 
are inadvertently 
turned 
off while input voltages are still applied, all channels 
in the multiplexers 
are turned 
off, and only 
a few 
nanoamperes 
of leakage current 
will 
flow 
into the 
inputs. 
This protects 
not only the multiplexers 
and 


the 
circuitry 
driven 
by 
the 
multiplexers, 
but 
also 
protects 
the sensors or signal sources which 
drive 
the multiplexers. 


The series N-channel, 
P-channel, 
N-channel 
protec- 
tion structure 
has two significant 
advantages over the 
simple 
current 
limiting 
protection 
scheme 
of 
the 
industry's first generation fault-protected 
mUltiplexers. 


First, the Maxim protection 
scheme limits fault cur- 
rents to nanoamp 
leakage values rather than many 
milliamperes. 
This 
prevents 
damage 
to sensors 
or 
other sensitive signal sources. Second, the MAX3781 
379 fault-protected 
multiplexers can withstand a cont- 
inuous ±60V input, unlike the first generation 
which 
had a continuous 
±35V input limitation 
imposed by 
power dissipation 
considerations. 


All digital 
inputs 
have logic thresholds 
of O.8V and 
2.4V, ensuring 
both 
TTL 
and CMOS 
compatibility 
without 
requiring pullup resistors. Break-before-make 
operation 
is guaranteed. 
Power dissipation 
is less 
than 2 milliwatts. 
__________ 
Applications 


Data Acquisition 
Systems 


Industrial and Process Control 
Systems 


Avionics Test Equipment 


Signal routing 
between Systems 


PART 
TEMP. RANGE 
PACKAGE 


MAX378CPE 
O°C to +70°C 
16 Lead Plastic 
DIP 


MAX378CWE 
O°C to +70°C 
16 Lead Wide 
SO 


MAX378CJE 
O°C to +70°C 
16 Lead CERDIP 


MAX378EPE 
-40°C 
to +85°C 
16 Lead Plastic 
DIP 


MAX378EWE 
-40°C 
to +85°C 
16 Lead Wide 
SO 


MAX378EJE 
-40°C 
to +85°C 
16 Lead CERDIP 


MAX378MJE 
-55°C 
to +125°C 
16 Lead CERDIP 


MAX378MLP" 
-55°C 
to +125°C 
20 Lead LCC 


MAX378C/D"" 
O°C to +70°C 
Dice 


MAX379CPE 
O°C to +70°C 
16 Lead Plastic 
DIP 


MAX379CWE 
O°C to +70°C 
16 Lead Wide 
SO 


MAX379CJE 
O°C to +70°C 
16 Lead CERDIP 


Ordering 
Information 
continued 
on page 10. 


" 
Contact 
Factory 
for availability. 
"" The 
substrate 
may 
be allowed 
to float 
or be tied 
to V+ 


(JI CMOS). 


TOP VIEW 
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ABSOLUTE MAXIMUM RATINGS 


Continuous 
Current, 
IN or OUT 
20mA 


Peak Current, 
IN or OUT 


(Pulsed 
at 1ms, 10% duty 
cycle 
max) 
40mA 


Power 
Dissipation 
(Note 
1) (CERDIP) 
1.28W 


Operating 
Temperature 
Range: 


MAX378/379M 
-55° C to +125° C 


MAX378/379C 
...................•....... 
0° C to +70° C 


MAX378/379E 
-40° C to +85° C 


Storage 
Temperature 
Range........... 
-65°C 
to +150°C 


Voltage 
between 
Supply 
Pins 
+44V 


V' to Ground 
+22V 


V- to Ground 
........................•.......... 
-22V 


Digital 
Input 
Overvoltage: 


VEN, VA 
{~: 
:::::::::::::::::::::::::::::::::::: 
~:~ 


Analog 
Input 
with 
Multiplexer 
Power 
On 
...•...... 
±65V 


{ 
Recommended 
} V· 
............•.... 
+15V 
Power 
Supplies 
V- 
-15V 


Analog 
Input 
with 
Multiplexer 
Power 
Off 
±80V 


Stresses 
above 
those listed under 
''Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to the device. 
These are stress ratings 
only, and 
functional 
operation 
of the device at these or any other conditions 
above 
those indicated 
in the operational 
sections 
of the specifications 
is not 
implied. 
Exposure 
to absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect device 
reliability. 


ELECTRICAL CHARACTERISTICS 
(v. = +15V, V- = -15V; VAH (Logic 
Level High) = +2.4V, VAL (Logic 
Level Low) = +0.8V unless 
otherwise 
noted.) 


O°C to +70°C 


-SS·C 
to +12SoC 
and 


PARAMETER 
SYMBOL 
CONDITIONS 
TEMP 
-40·C 
to +8SoC 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


STATIC 


ON Resistance 
rOSION) 
VOUT = ±10V, IIN = loopA 
+25°C 
2.0 
3.0 
2.0 
3.5 
kO 
VAL = 0.8V, VAH = 2.4V 
Full 
3.0 
4.0 
3.0 
4.0 


OFF Input 
Leakage 
IINIOFF) 
VIN = ± 10V, VOUT = =Fl0V 
+25°C 
-0.5 
0.03 
0.5 
-1.0 
0.03 
1.0 
nA 
Current 
VEN = 0.8V (Note 6) 
Full 
-50 
50 
-50 
50 


OFF Output 
Leakage 
VOUT = ±10V, VIN = =Fl0V 
+25°C 
-1.0 
0.1 
1.0 
-2.0 
0.1 
2.0 


Current 
10UTIOFF) VEN = 0.8V 
MAX378 
Full 
-200 
200 
-200 
200 
nA 


(Note 6) 
MAX379 
Full 
-100 
100 
-100 
100 


ON Channel 
Leakage 
VIN(ALL)= VOUT = ±10V 
(Note 
5) 
+25°C 
-2.0 
0.1 
2.0 
-5.0 
0.1 
5.0 


Current 
10UTION) VAH = VEN = 2.4V 
MAX378 
Full 
-200 
200 
-200 
200 
nA 


VAL = 0.8V 
MAX379 
Full 
-100 
100 
-100 
100 


Analog 
Signal 
Range 
VAN 
(Note 
2) 
Full 
-15 
+15 
-15 
+15 
V 


Differential, 
OFF Out- 
IOIFF 
MAX379 
only 
Full 
-50 
50 
-50 
50 
nA 
put Leakage 
Current 
(Note 6) 


FAULT 


Output 
Leakage 
VOUT = OV (Note 3) 
+25°C 
20 
20 
nA 
Current 
(with 
IOUT(oFF) 
Input 
Overvoltage) 
VIN = ±60V 
Full 
10 
20 
pA 


Input 
Leakage 
VIN = ±60V, Vo = ±10V 
Current 
(with 
IINIOFF) 
(Note 3) 
+25°C 
25 
40 
pA 
Overvoltage) 


Input 
Leakage 
VIN = ±75V, VEN = Vo = OV 
Current 
(with 
Power 
IINIOFF) 
+25°C 
10 
20 
pA 
Supplies 
Off) 
Ao = A, = A2 = OV or 5V 


CONTROL 


Input 
Low Threshold 
VAL 
(Note 4) 
Full 
0.8 
0.8 
V 


Input 
High 
Threshold 
VAH 
(Note 4) 
Full 
2.4 
2.4 
V 


Input 
Leakage 
Cur- 
IA 
VA = 5V or OV 
Full 
-1.0 
1.0 
-1.0 
1.0 
pA 
rent (High 
or Low) 
(Note 5) 


High Vo/fBge,Fault-Protected 


Analog Multiplexers 


ELECTRICAL CHARACTERISTICS 
(Continued) 


(V+ = +15V, v- = -15V; VAH (Logic 
Level High) = +2.4V, VAL (Logic 
Level Low) = +0.8V unless 
otherwise 
noted.) 


O°C to +70°C 
-SsoC 
to +12SoC 
and 


SYMBOL 
CONDITIONS 
TEMP 


-40°C 
to +ssoC 


UNITS 
PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


DYNAMIC 


Access 
Time 
tA 
(Figure 
1) 
+25°C 
0.5 
1.0 
0.5 
1.0 
jJS 


Break-Belore-Make 
towtOFF 
VEN = +5V, VIN = ±10V 
+25°C 
25 
200 
25 
200 
ns 
Delay 
(Figure 
2) 
Ao, Al, A2 Strobed 


Enable 
Delay 
(ON) 
loNIEN) 
(Figure 
3) 
+25°C 
400 
750 
400 
1000 
Full 
1000 
1500 
ns 


Enable 
Delay 
(OFF) 
tOFF(EN) 
(Figure 
3) 
+25°C 
300 
500 
300 


Full 
1000 
1000 
ns 


Settling 
Time 
(0.1%) 
tSETT 
+25°C 
1.2 
1.2 


(0.01%) 
3.5 
3.5 
jJS 


VEN = 0.8V, RL = 1kO, 
"OFF 
Isolation" 
OFF(ISOI 
CL = 15pF, V = 7VAMS, 
+25°C 
50 
68 
50 
68 
dB 


I = 100kHz 


Channel 
Input 
CIN(OFF) 
+25°C 
5 
5 
pF 
Capacitance 


Channel 
Output 
COUT(OFF) 
MAX378 
+25°C 
25 
25 
pF 
Capacitance 
MAX379 
12 
12 


Digital 
Input 
CA 
+25°C 
5 
5 
pF 
Capacitance 


Input 
to Output 
COS(OFF) 
+25°C 
0.1 
0.1 
pF 
Capacitance 


SUPPLY 


Positive 
Supply 
1+ 
VEN = 0.8V, or 2.4V 
+25°C 
0.1 
0.6 
0.2 
1.0 


mA 
Current 
All VA = OV or 5V 
Full 
0.3 
0.7 
0.5 
1.0 


Negative 
Supply 
r 
VEN = 0.8V or 2.4V 
+25°C 
0.01 
0.1 
0.01 
0.1 
mA 
Current 
All VA = OV or 5V 
Full 
0.02 
0.2 
0.02 
0.1 


Power 
Supply 
Range 
lor 
Continuous 
VOP 
(Note 
7) 
+25°C 
±4.5 
±18 
±4.5 
±18 
V 


Operation 


Note 2: 
When the analog 
signal exceeds 
+13.5V or -12V the blocking 
action 01 Maxim's 
gate structure 
goes into operation. 
Only 
leakage 
currents 
Ilow 
and the channel 
on resistance 
rises to inlinity. 


Note 3: 
The value shown 
is the steady 
state value. The transient 
leakage 
is typically 
50/lA. See detailed 
description. 


Note 4: 
Guaranteed 
by other 
static 
parameters. 


Note S: 
Digital 
input 
leakage 
is primarily 
due to the clamp 
diodes. 
Typical 
leakage 
is less than 
1nA at +25°C. 


Note 6: 
Leakage 
currents 
not tested 
at TA = cold temp. 


Note 7: 
Electrical 
characteristics, 
such 
as ON Resistance, 
will change 
when 
power 
supplies 
other 
than 
±15V 
are used. 
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Figure 
1. Access 
Time vs. Logic 
Level (High) 
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3. Enable 
Delay 
(toN(EN), toFF(EN)) 
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'lYpicsl Applications 


Figure 
6 shows 
a typical 
data acquisition 
system 


using the MAX378 multiplexer. Since the multiplexer 
is driving a high impedance input, its error is a func- 
tion of its own resistance (ROS(ON))times the multi- 
plexer leakage current (I0UT(ON»)and the ampliifer bias 
current (ISlAS): 


VERR 
= ROS(ON)x (IOUT(ON)+ ISlAS(MAX420)) 
= 2.0k x (2nA + 30pA) 
= 18.0pV maximum error 


In most cases, this error 
is low enough 
that 
pre- 


amplification 
of input signals is not needed, even with 


very low level signals, such as 40pVloC 
from 
type 


J thermocouples. 


In systems with fewer than 8 inputs, an unuse . chan- 
nel can be connected to the system ground reference 
point for software zero correction. 
A second channel 


connected 
to the 
system 
voltage 
reference 
allows 


gain correction 
of the entire data acquisition 
system 


as well. 


A MAX420 precision 
op amp is connected 
as a pro- 


grammable 
gain amplifier, 
with gains 
ranging 
from 


1 to 10,000. The guaranteed 5pV unadjusted offset of 
the 
MAX420 maintains 
high signal 
accuracy, 
while 


programmable 
gain allows the output signal level to 


be scaled to the optimum 
range for the remainder of 


the data acquisition 
system, normally a Sample/Hold 


and NO. Since the gain-changing 
multiplexer 
is not 
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connected 
to the external sensors, it can be either a 
DG508A 
multiplexer 
or the fault 
protected 
MAX358 
or MAX378. 


Input switching, 
however, must be done with a fault- 
protected 
MAX378 
multiplexer 
to provide 
the level 
of protection 
and isolation 
required 
with most data 
acquisition 
inputs. Since external signal sources may 
continue 
to supply voltage when the multiplexer 
and 
system 
power 
are turned 
off, 
non-fault 
protected 
multiplexers, 
or even first-generation 
fault protected 
devices, will allow many milliamps 
of fault current to 
flow from outside 
sources 
into the multiplexer. 
The 
result could 
be damage to either the sensors or the 
multiplexer. A non-fault protected multiplexer 
will also 
allow input overvoltages 
to appear at its output, 
per- 
haps damaging 
Sample/Holds 
or NDs. 
Such input 
overdrives 
may 
also 
cause 
input-to-input 
shorts, 
allowing 
the high 
current 
output 
of one sensor to 
possibly damage another. 


The 
MAX378 eliminates 
all of the above problems 
since it not only limits its output voltage to safe levels, 
with or without 
power applied 
(V+ and V-), but also 
turns all channels off when power is removed, drawing 
only 
sub-microamp 
fault 
currents 
from 
the inputs, 
and maintaining 
isolation 
between inputs for contin- 
uous input levels up to ±75V with power supplies off. 


-- 
Detailed Description 
Fault Protection Circuitry 


MAX378/379 
are fully fault-protected 
for continuous 
input voltages up to ±60V, whether or not the V+ and 
V- power supplies 
are present. These devices use a 
"series FET" switching 
scheme which 
not only pro- 
tects the multiplexer output from overvoltage, but also 
limits the input current to sub-microamp 
levels. 
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Figures 
7 and 8 show 
how the series 
FET circuit 
protects against overvoltage conditions. 
When power 


is off the gates of all three FETs are at ground. With a 
-60V'input, 
N-channel 
FET 01 
is turned 
on by ~he 


+60V gate-to-source 
voltage. 
The P-channel 
device 
(02), however, has +60V VGSand is turr~ed off, thereby 
preventing 
the input .signal from reaching the. output. 


If the input voltage 
IS +60V, 01 
has a negative VG.S' 


which turns it off. Similarly, only sub-mlcroamp 
leak- 


age currents 
can flow fro.m the outP.ut back to the 


input, since any voltage will turn off either 01 or 02. 


Figure 9 shows the condition 
of an OFF channel with 
V+ and V- present. As with Figures 7 and 8, either an 
N-channel 
or a P-channel 
device will be off for any 


input voltage from -60V to +60V. The I.eakage current 
with negative overvoltages will Immediately drop to a 
few nanoamps at 25°C. For positive overvolta~es that 
fault current will initially be 40 or 50pA, decaying over 
a few seconds to the nanoamp 
level. The time con- 


stant 
of this 
decay 
is caused 
by the discharge 
of 
stored 
charge 
from 
internal 
nodes 
and 
does 
not 
compromise 
the fault protection 
scheme. 


Figure 10 shows the condition 
of the ON channel with 
V+ and V- present. With input voltages less than ±10V, 
all three FETs are on and the input signal appears at 
the output. 
If the input voltage exceeds V+ minus the 
N-channel 
threshold 
voltage 
(VTN). then 
the 
N- 
channel FET will turn off. For voltages more negative 
than 
V- minus 
the 
P-channel 
threshold 
(VTP). the 
P-channel 
device will turn off. Since VTN is typically 
1.5V and VTP is typically 
3V, the multiplexer's 
out~ut 
swing 
is 
limited 
to 
about 
-12V 
to 
+13.5V 
with 


±15V supplies. 


The Typical 
Operating 
Characteristics 
graphs 
show 
typical leakage vs. input voltage curves. Although 
the 
maximum 
rated input cf these devices is ±65V, the 
MAX378/379 typically 
have excellent performance 
up 
to ±75V, providing additional 
margin for the unknown 


transients that exist in the real world. In summary, the 
MAX378/379 provide superior protection 
from all fault 


conditions, 
while using a standard, 
readily produced 
junction 
isolated CMOS process. 


Switching Characteristics 
and Charge Injection 


Table 1 shows typical charge injection levels vs. power 
supply 
voltages and analog input voltage. ~ote th.at 
since the channels are well matched, the differential 
charge injection 
for the MAX379 is typically 
less than 
5 picocoulombs. 
The charge 
injection 
that 
occurs 


during 
switching 
creates a voltage 
transient 
whose 


magnitude is inversely proportional 
to the capacitance 
on the multiplexer 
output. 


The channel-to-channel 
switching 
time 
is typically 
600ns, with about 200ns of break-before-make 
delay. 


This 
200ns 
break-before-make 
delay 
prevents 
the 


input-to-input 
short 
that 
would 
occur 
if two 
input 


channels 
were simultaneously 
connected 
to the out- 


put. 
In a typical 
data acquisition 
system 
such 
as 


Figure 6, the dominant delay is not the switching 
time 


of the MAX378 multiplexer, 
but is the settling time of 


the 
following 
amplifiers 
and 
S/H. 
Another 
limiting 


factor 
is the 
RC time 
constant 
of the 
multiplexer 


ROS(ON)plus the signal source impedance 
multiplied 


by the load capacitance 
on the output 
of the multi- 


plexer. 
Even with 
low 
signal 
source 
impedances, 


100pF of capacitance 
on the multiplexer 
output 
will 


approximately 
double 
the 
settling 
time 
to 
0.01% 


accuracy. 


Operation with Supply Voltage 
Other than ±15V 


The main effect of supply voltages other than ±15V is 
the reduction 
in output 
signal 
range. The MAX378 
limits the output voltage to about 1.5V below V+ and 
about 3V above V-. In other words, the output swing is 
limited to +3.5V to -2V when operating from ±5V. The 
Typical Operating Characteristics 
graphs show typ~cal 


ROStON)for ±15V , ±10V, and ±5V 
power supplies. 


Maxim tests and guarantees the MAX378/379 for oper- 
ation 
from 
±4.5V 
to ±18V 
supplies. 
The switching 


delays are increased 
by about a factor 
of 2 at ±5V, 


but break-before-make 
action is preserved. 


The MAX378/379 can be operated with a single +9V to 
+22V supply, as well as asymmetrical 
power supplies 


such 
as +15V and 
-5V. The 
digital 
threshold 
will 


remain 
approximately 
1.6V above the Ground 
pin, 


and the analog 
characteristics 
such as ROS(ON)are 


determined 
by the total voltage difference 
between V+ 


and V-. Connect V- to OV when operating 
with a +9V 


to +22V single supply. 


This means that the Maxim MAX378/379 will operate 
with standard TTL logic levels, even with ±5V power 
supplies. 
In all cases, the threshold 
of the ENable pin 


is the same as the other logic inputs. 


Supply 
Voltage 
Analog 
Input 
Level 
Injected 
Charge 


+1.7V 
+1oopC 
±5V 
OV 
+70pC 
-1.7V 
+45pC 


+5V 
+200pC 
±10V 
OV 
+130pC 
-5V 
+60pC 


+10V 
+5OOpC 
±15V 
OV 
+180pC 
-10V 
+50pC 


Test 
Conditions: 
CL 
= 1000pF 
on 
multiplexer 
output; 
the 


tabulated 
analog 
input 
level is applied 
to channel 
1; channels 


2 through 
8 inputs 
are open circuited. 
EN = +5V, A, = A2 = OV, 


Ao is toggled 
at 2kHz 
rate between 
OV and 
3V. +100 pico- 


coulombs 
of charge 
creates 
a +100mV 
step 
when 
injected 


into a 1000pF load capacitance. 


High Voltage, Fault-Protected 
Analog Multiplexers 


Supply 
Analog 
Injected 
Charge 


Voltage 
Input Level 
Out A 
Out B 
Differential 
A-B 


+1.7V 
+105pC +107pC 
-2pC 
±5V 
OV 
+73pC +74pC 
-lpC 
-1.7V 
+48pC +50pC 
-2pC 


+5V 
+215pC+220pC 
-5pC 
±10V 
OV 
+135pC +139pC 
-4pC 
-5V 
+62pC +63pC 
-lpC 


+10V 
+525pC +530pC 
-5pC 
±15V 
OV 
+180pC+185pC 
-5pC 
-10V 
+55pC +55pC 
OpC 


Test Conditions: CL = 1000pFon Out A and Out B; the tab- 
ulated analog input level is applied to inputs 1A and 1B; 
channels 2 through 4 are open circuited. EN = +5V.A1 = OV. 
Ao is toggled from OVto 3V at a 2kHz rate. 


Dlgitsl Interlace Levels 


The typical 
digital 
threshold 
of both the address lines 
and the ENable pin is 1.6V, with a temperature 
coeffi- 


cient 
of about 
-3mVloC. 
This 
ensures 
compatibility 
with 
O.8V to 2.4V TTL 
logic 
swings 
over the entire 
temperature 
range. The digital 
threshold 
is relatively 
independent 
of the supply voltages. 
moving from 1.6V 
typical 
to 
1.5V typical 
as the 
power 
supplies 
are 
reduced 
from 
±15V 
to ±5V. 
In all cases, the digital 
threshold 
is referenced 
to the Ground 
pin. 


The digital 
inputs can also be driven with CMOS logic 
levels 
swinging 
from 
either 
V+ to V- or from 
V+ to 
Ground. 
The digital 
input current 
is just a few nano- 


amps 
of leakage 
at all input 
voltage 
levels, 
with 
a 
guaranteed 
maximum 
of 1J1A.The digital 
inputs 
are 
protected 
from 
ESD by a 30V zener diode 
between 
the input 
and V+. and can be driven 
±4V beyond 
the 
supplies 
without 
drawing 
excessive 
current. 


Operation as a Demultiplexer 


The 
MAX378/379 
will 
function 
as a demultiplexer, 


where the input 
is applied 
to the Output 
pin. and the 


Input 
pins 
are 
used 
as outputs. 
The 
MAX378/379 
provide 
both 
break-before-make 
action 
and full fault 
protection 
when 
operated 
as a demultiplexer. 
unlike 
earlier 
generations 
of fault 
protected 
multiplexers. 


Channel-to-Channel Crosstslk 
Off Isolation and Dlgltsl Feedthrou9h 


At 
DC and 
low frequencies 
the channel-to-channel 
crosstalk 
is caused 
by variations 
in output 
leakage 
currents 
as the off channel 
input voltages 
are varied. 


The MAX378 
output 
leakage 
varies only 
a few pico- 


amps as all 7 off inputs are toggled 
from -10V to +10V. 


The output voltage change depends on the impedance 
level at the MAX378 output, 
which 
is ROS(ON)plus the 
input signal source 
resistance 
in most cases since the 


load driven 
by the MAX378 
is usually 
a high 
impe- 


dance. 
For a signal 
source 
impedance 
of 
10kO or 


lower, the DC crosstalk 
exceeds 
120dB. 


Table 2 shows 
typical 
AC crosstalk 
and off isolation 


performance. 
Digital 
feedthrough 
is masked 
by the 


analog 
charge 
injection 
when the output 
is enabled. 


When the output 
is disabled, 
the digital 
feedthrough 


is virtually 
unmeasurable, 
since 
the digital 
pins 
are 


physically 
isolated 
from 
the 
analog 
section 
by the 


Ground 
and 
V- pins. 
The 
ground plane 
formed 
by 


these 
lines 
is continued 
onto 
the 
MAX378/9 
die to 


provide 
over 100dB isolation 
between 
the digital 
and 


analog 
sections. 


Frequency 
100kHz 
500kHz 
1MHz 


One Channel Driven 
74dB 
72dB 
66dB 


All Channels Driven 
64dB 
48dB 
44dB 


Test Conditions: VIN = 20VPK.PKat the tabulated frequency. II1II 
RL = 1.5k between OUT and Ground. EN = OV. 


OIRR = 20 Log 
20VPK-PK 


VOUT(PK-PK) 


Frequency 
100kHz 
500kHz 
1MHz 


FL = 1.5k 
70dB 
68dB 
64dB 


RL = 10k 
62dB 
46dB 
42dB 


Test Conditions: 
Specified 
RL connected 
from 
OUT to 


Ground. EN = +5V,Ao = A1 = A2 = +5V (Channell 
selected). 


20VPK-PKat the tabulated frequency is applied to Channel 2. 
All other channels are open circuited. 
Similar crosstalk 


rejection can be observed between any two channels. 


High Voltage, Fault-Protected 
Analog Multiplexers 


IH38 
IN3A I 
0.229" 


IHzB 
INti 
15.816mm) 


INIB 
I 


y. 
y- 


GNO 


PART 
TEMP. RANGE 
PACKAGE 


MAX379EPE 
-40°C 
to +85°C 
16 Lead Plastic 
DIP 


MAX379EWE 
-40°C 
to +85°C 
16 Lead Wide 
SO 


MAX379EJE 
-40°C 
to +85°C 
16 Lead CERDIP 


MAX379MJE 
-55°C 
to +125°C 
16 Lead CERDIP 


MAX379MLp· 
-55°C 
to +125°C 
20 Lead LCC 


MAX379C/D·· 
O°C to +70°C 
Dice 


• 
Contact 
Factory 
for availability 
. 
•• The 
substrate 
may 
be allowed 
to float 
or be tied 
to v· 


(JI CMOS). 


ADVANCE 
INFORMATION 


First Page of Data Sheet in Preparation 
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Dual High-Speed Analog Switches 


_______ 
General Description 


The 
MXDG401/403/405 
are dual 
high-speed 
analog 
switches. 
Both the MXDG401 
and MXDG405 
are nor- 


mally closed, 
(SPST, NC) and (DPST, NC), respectively. 
The MXDG403 has one normally-open 
and one normally- 


closed 
pole (DPST). 
All three parts offer low on resis- 


tance (35Q max) over the analog range, fast switching 
(1OOnsmax), and low power dissipation 
(O.035mW max). 
Logic inputs are TIL compatible. 


The MXDG401/403/405 
are designed 
with a +44V maxi- 
mum breakdown 
voltage 
rating that allows +30V peak- 


to-peak 
switch-off 
blocking 
capacity. 
These switches 
can be used with a single positive supply (+5V to +30V) 
or split supplies (±5V to ±20V) while retaining CMOS logic 
input compatibility 
and fast switching. 


Sample-and-Hold 
Circuits 


Winchester 
Disk Drives 


Test Equipment 


Communications 
Systems 


PBX, PABX 


Guidance 
and Control Systems 


Heads-Up 
Displays 


Military Radios 


Battery-Operated 
Systems 


• 
3SQ Max rOS(ON) 


• 
100ns Max Switching 


• 
0.03SmW Max Power Dissipation 


• 
Operation from Single (+SV to +30V) or 
Bipolar (±SV to ±20V) Supplies 


• 
+30V Peak-to-Peak 
Switch-Off 
Blocking Capacity 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MXDG401C/D 
O"C to +70"C 
Dice' 


MXDG401DJ 
-40"C to +8S"C 
16 Plastic DIP 


MXDG401DY 
-40"C to +8S"C 
16 Narrow SO 


MXDG401DK 
-40"C to +8S"C 
16CERDIP 


MXDG401AZ 
-SS"C to + 12S"C 
16 LCC" 


MXDG401AK 
-SS"C to + 12S"C 
16CERDIP" 


MXDG403C/D 
O"C to +70"C 
Dice' 


MXDG403DJ 
-40"C to +8S"C 
16 Plastic DIP 


MXDG403DY 
-40"C to +8S"C 
16 Narrow SO 


MXDG403DK 
-40"C to +8S"C 
16CERDIP 


MXDG403AZ 
-SS"C to +12S"C 
16 LCC" 


MXDG403AK 
-SS"C to +12S"C 
16CERDIP" 


MXDG40SC/D 
O"C to +70"C 
Dice' 


MXDG40SDJ 
-40"C to +8S"C 
16 Plastic DIP 


MXDG40SDY 
-40"C to +8S"C 
16 Narrow SO 


MXDG40SDK 
-40"C to +8S"C 
16CERDIP 


MXDG40SAZ 
-SS"C to +12S"C 
16 LCC" 


MXDG40SAK 
-SS"C to + 12S"C 
16 CERDIP" 


, 
Contact 
factory for dice specifications. 
" 
Contact factory for availability and processing 
to MIL-STD-883. 


l1li 
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Quad SPST Precision Analog Switches 


_______ 
General Description 


The 
MXDG411/412/413 
are 
quad 
single-pole-sing 
le- 


throw (SPST) precision analog switches. 
The MXDG411 


is normally 
open 
(SPST, NO), while 
the MXDG412 
is 
normally 
closed 
(SPST, NC). 
The MXDG413 
has two 


normally-open 
and two normally-closed 
switches. 
All 


three parts offer low on resistance 
(35n 
max) over the 
analog range, fast switching (145ns max), and low power 
dissipation 
(O.035mW max). 
Logic inputs are TIL com- 


patible. 


The MXDG411/412/413 
are designed 
with a +44V maxi- 


mum breakdown 
voltage 
rating that allows +30V peak- 


to-peak 
switch-off 
blocking 
capacity. 
These switches 
can be used with a single positive supply (+5V to +30V) 
or split supplies (±5V to ±20V) while retaining CMOS logic 
input compatibility 
and fast switching. 


Sample-and-Hold 
Circuits 


Winchester 
Disk Drives 


Test Equipment 


Communications 
Systems 


PBX, PABX 


Guidance 
and Control Systems 


Heads-Up 
Displays 


Military Radios 


Battery-Operated 
Systems 


• 
35n Max rOS(ON) 
• 
145ns Max Switching 


• 
O.035mW Max Power Dissipation 


• 
CMOS Logic Compatible 


• 
Operation from Single (+5V to +30V) or 
Bipolar (±5V to ±20V) Supplies 


• 
+30V Peak-to-Peak 
Switch-Off 
Blocking Capacity 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MXDG411C/D 
O·C to +70·C 
Dice' 


MXDG411DJ 
-40·C to +85·C 
16 Plastic DIP 


MXDG411DY 
-40·C to +85·C 
16 Narrow SO 


MXDG411DK 
-40·C to +85·C 
16CERDIP 


MXDG411AK 
-55·Cto 
+125·C 
16CERDIP" 


MXDG412C/D 
O·Cto +70·C 
Dice- 


MXDG412DJ 
-40·C to +85·C 
16 Plastic DIP 


MXDG412DY 
-40·C to +85T 
16 Narrow SO 


MXDG412DK 
-40·C to +85T 
16CERDIP 


MXDG412AK 
-55·C to + 125·C 
16CERDIP" 


MXDG413C/D 
O·C to +70·C 
Dice- 


MXDG413DJ 
-40·C to +85·C 
16 Plastic DIP 


MXDG413DY 
-40·C to +85·C 
16 Narrow SO 


MXDG413DK 
-40·C to +85·C 
16CERDIP 


MXDG413AK 
-55·C to +125·C 
16CERDIP" 


• 
Contact 
factory for dice specifications 
. 
•• Contact factory for availability and processing 
to MIL-STD-883. 
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.-IIII.-IJ X 1.-1111 
Precision MiniDIP Analog Switches 


_______ 
General Description 


The MXDG417/418/419 
are precision 
miniDIP 
analog 
switches. 
The MXDG417 
is normally open (SPST, NO), 
while the MXDG418 is normally closed (SPST, NC). The 
MXDG419 
has one normally-open 
and 
one normally- 
closed 
pole (DPST). 
All three parts offer low on resis- 
tance (35Q max) over the analog range, fast switching 
(145ns max). and low power dissipation 
(O.035mW max). 


Logic inputs are TIL compatible. 


The MXDG417/418/419 
are designed 
with a +44V maxi- 
mum breakdown 
voltage 
rating that allows +30V peak- 


to-peak 
switch-off 
blocking 
capacity. 
These switches 
can be used with a single positive supply (+5V to +30V) 
or split supplies (±5V to ±20V) while retaining CMOS logic 
input compatibility 
and fast switching. 


Sample-and-Hold 
Circuits 


Winchester 
Disk Drives 


Test Equipment 


Communications 
Systems 


PBX,PABX 


Guidance 
and Control Systems 


Heads-Up 
Displays 


Military Radios 


Battery-Operated 
Systems 


• 
35Q Max rOS(ON) 


• 
145ns Max Switching 


• 
O.035mW Max Power Dissipation 


• 
CMOS Logic Compatible 


• 
Operation from Single (+5V to +30V) or 
Bipolar (±5V to ±20V) Supplies 


• 
+30V Peak-to-Peak 
Switch-Off 
Blocking Capacity 


PART 
TEMP. RANGE 
PIN·PACKAGE 


MXDG417C/D 
O'C to +70'C 
Dice' 


MXDG417DJ 
-40'C to +85'C 
8 Plastic DIP 


MXDG417DY 
-40'C to +85'C 
8S0 


MXDG417DK 
-40'C to +85'C 
8CERDIP 


MXDG417AK 
-55'C to + 125'C 
8 CERDIP" 


MXDG418C/D 
O'Cto 
+70'C 
Dice' 


MXDG418DJ 
-40'C to +85'C 
8 Plastic DIP 


MXDG418DY 
-40'C to +85'C 
8S0 


MXDG418DK 
-40'C to +85'C 
8CERDIP 


MXDG418AK 
-55'C to + 125'C 
8 CERDIP" 


MXDG419C/D 
O'C to+70'C 
Dice' 


MXDG419DJ 
-40'C to +85'C 
8 Plastic DIP 


MXDG419DY 
-40'C to +85'C 
8S0 


MXDG419DK 
-40'C to +85'C 
8 CERDIP 


MXDG419AK 
-55'C to + 125'C 
8 CERDIP" 


• 
Contact 
factory for dice specifications 
. 
•• Contact factory for availability and processing 
to MIL-STD-883. 


ADVANCE INFORMATION 
First Page of Data Sheet in Preparation 
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Dual CMOS Analog Switches 


_______ 
General Description 


The 
MXDG421/423/425 
are 
dual 
monolithic 
analog 
switches. 
The MXDG421 is normally closed (SPST, NC), 


while the MXDG423 (SPOT) and MXDG425 (DPST) have 
two 
normally-closed 
and 
two 
normally-open 
poles. 


These devices feature latchable logic inputs that simplify 
interfacing 
with microprocessors. 
All three switches offer 
low on resistance 
(350 max) over the analog range, fast 
switching 
(200ns 
max), 
and 
low 
power 
dissipation 
(O.035mW max). 
Logic inputs are TIL compatible. 


The MXDG421/423/425 
are designed 
with a +44V maxi- 
mum breakdown 
voltage 
rating that allows +30V peak- 
to-peak 
switch-off 
blocking 
capacity. 
These switches 
can be used with a single positive supply (+5V to +30V) 
or split supplies (±5V to ±20V) while retaining CMOS logic 
input compatibility 
and fast switching. 


Sample-and-Hold 
Circuits 


Winchester 
Disk Drives 


Test Equipment 


Communications 
Systems 


PBX, PABX 


Guidance 
and Control Systems 


Heads-Up 
Displays 


Military Radios 


Battery-Operated 
Systems 


• 
350 Max rOS(ON) 


• 
200ns Max Switching 


• 
0.035mW 
Max Power Dissipation 


• 
CMOS Logic Compatible 


• 
Operation from Single (+5V to +30V) or 
Bipolar (±5V to ±20V) Supplies 


• 
+30V Peak-to-Peak 
Switch-Off 
Blocking Capacity 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MXDG421C/D 
O'C to +70"C 
Dice' 


MXDG421DJ 
-40'C to +85'C 
16 Plastic DIP 


MXDG421DY 
-40'C to +85'C 
16 Narrow SO 


MXDG421DK 
-40'C to +85'C 
16CERDIP 


MXDG421AK 
-55'C to +125'C 
16CERDIP" 


MXDG423C/D 
O'C to +70'C 
Dice' 


MXDG423DJ 
-40'C to +85'C 
16 Plastic DIP 


MXDG423DY 
-40'C to +85'C 
16 Narrow SO 


MXDG423DK 
-40'C to +85'C 
16CERDIP 


MXDG423AK 
-55'C to +125'C 
16CERDIP" 


MXDG425C/D 
O'C to +70'C 
Dice' 


MXDG425DJ 
-40'C to +85'C 
16 Plastic DIP 


MXDG425DY 
-40'C to +85'C 
16 Narrow SO 


MXDG425DK 
-40'C to +85'C 
16CERDIP 


MXDG425AK 
-55'Cto+125'C 
16CERDIP" 


, 
Contact 
factory for dice specifications. 
" 
Contact factory for availability and processing 
to MIL-STD-883. 


- 


ADVANCE 
INFORMATION 


First Page of Data Sheet in Preparation 
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Quad SPST Analog Switches 


_______ 
General Description 


The MXDG441/MXDG442 
are quad single-pole-single- 
throw (SPST) analog switches. 
The MXDG441 is normally 
open (SPST, NO), while the MXDG442 is normally closed 
(SPST, NC). Both parts offer low on resistance (BOn max) 
over the analog range, fast switching 
(120ns max), and 


low power 
dissipation 
(1.6mW max). 
Logic 
inputs are 
TIL compatible. 


The MXDG441/MXDG442 
are designed 
with a +44V 
maximum 
breakdown 
voltage 
rating that allows 
+30V 
peak-to-peak 
switch-off 
blocking 
capacity. 
These 
switches can be used with a single positive supply (+5V 
to +30V) or split supplies 
(±5V to ±20V) while retaining 
CMOS logic input compatibility 
and fast switching. 


Sample-and-Hold 
Circuits 


Winchester 
Disk Drives 


Test Equipment 


Communications 
Systems 


PBX,PABX 


Guidance 
and Control Systems 


Heads-Up 
Displays 


Military Radios 


Battery-Operated 
Systems 


• 
BOn Max rOS(ON) 


• 
120ns Max Switching 


• 
1.6mW Max Power Dissipation 


• 
CMOS Logic Compatible 


• 
Operation from Single (+5V to +30V) or 
Bipolar (±5V to ±20V) Supplies 


• 
+30V Peak-to-Peak 
Switch-Off 
Blocking Capacity 


PART 
TEMP. RANGE 
PIN· PACKAGE 


MXDG441C/D 
OOCto +70'C 
Dice' 


MXDG441DJ 
-40OCto +8S'C 
16 Plastic DIP 


MXDG441DY 
-40'C to +8S'C 
16 Narrow SO 


MXDG441DK 
-40OCto +8S'C 
16CERDIP 


MXDG441AK 
-SSOCto + 12S'C 
16CERDIP" 


MXDG442C/D 
O'C to +70'C 
Dice' 


MXDG442DJ 
-40'C to +8S'C 
16 Plastic DIP 


MXDG442DY 
-40'C to +8S'C 
16 Narrow SO 


MXDG442DK 
-40'C to +8S'C 
16CERDIP 


MXDG442AK 
-SS'C to + 12S'C 
16 CERDIP" 


, 
Contact 
factory for dice specifications. 
" 
Contact factory for availability and processing 
to MIL-STO-883. 


ADVANCE INFORMATION 
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Quad SPST Analog Switches 


_______ 
General Description 


The MXDG444/MXDG445 
are quad single-pole-single- 


throw (SPST) analog switches. 
The MXDG444 is normally 
open (SPST, NO), while the MXDG445 is normally closed 
(SPST, NC). Both parts offer low on resistance (85Q max) 
over the analog range, fast switching (120ns max), and low 
power dissipation (O.035mW max). 
Logic inputs are TIL 


compatible. 


The MXDG444/MXDG445 
are designed 
with a +44V 


maximum 
breakdown 
voltage 
rating that allows 
+30V 


peak-to-peak 
switch-off 
blocking 
capacity. 
These 


switches 
can be used 
with 
a single 
positive 
supply 
(+5V 
to +30V) 
or split 
supplies 
(±5V to ±20V) 
while 


retaining CMOS logic input compatibility and fast switching. 


Sample-and-Hold 
Circuits 


Winchester 
Disk Drives 


Test Equipment 


Communications 
Systems 


PBX,PABX 


Guidance 
and Control Systems 


Heads-Up 
Displays 


Military Radios 


Battery-Operated 
Systems 


• 
85Q Max rOS(ON) 


• 
120ns Max Switching 


• 
0.035mW Max Power Dissipation 


• 
CMOS Logic Compatible 


• 
Operation from Single (+5V to +30V) or 
Bipolar (±5V to ±20V) Supplies 


• 
+30V Peak-to-Peak 
Switch-Off 
Blocking Capacity 


PART 
TEMP. RANGE 
PIN·PACKAGE 


MXDG444C/D 
O'C to+70'C 
Dice' 


MXDG444DJ 
-40'C to +85'C 
16 Plastic DIP 


MXDG444DY 
-40'C to +85'C 
16 Narrow SO 


MXDG444DK 
-40'C to +85'C 
16CERDIP 


MXDG444AK 
-55'C to + 125'C 
16CERDIP" 


MXDG445C/D 
O'Cto 
+70'C 
Dice' 


MXDG445DJ 
-40'C to +85'C 
16 Plastic DIP 


MXDG445DY 
-40'C to +85'C 
16 Narrow SO 


MXDG445DK 
-40'C to +85'C 
16CERDIP 


MXDG445AK 
-55'C to + 125'C 
16CERDIP" 


• 
Contact 
factory for dice specifications. 
,. 
Contact factory for availability and processing 
to MIL -STD-883. 
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MAX237 
MAX238 
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MAX242 
MAX243 
MAX244 
MAX245 
MAX246 
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MAX248 
MAX249 
MAX250 
MAX251 
MAX252 


What the EIA-232D 
Specs Don't Tell You 
2-7 


High-Speed 
+5V-Powered 
RS-232 Drivers/Receivers 
2-13 


High-Speed 
+5V-Powered 
RS-232 Drivers/Receivers 
2-13 


+5V Powered, 
Five RS-232 Transmitters 
with Power 
Shutdown 
2-25 


+5V and +12V Powered, 
Dual RS-232 Transmitters 
and Receivers 
2-25 


+5V Powered, 
Dual RS-232 Transmitters 
and Receivers 
2-25 


High-Speed 
+5V-Powered 
RS-232 Drivers/Receivers 
2-13 


No External 
Component 
+5V Powered, 
Dual RS-232 Transmitters 
and Receivers 
2-25 


High-Speed 
+5V-Powered 
RS-232 Drivers/Receivers 
2-13 


+5V Powered, 
Quad RS-232 Transmitters 
2-25 


No External 
Component 
+5V Powered, 
Five RS-232 Transmitters 
and Receivers 
with Power Shutdown 
and Receiver 
Three-State 
Enable 
2-25 


+5V Powered, 
Four RS-232 Transmitters 
and Three 
RS-232 Receivers 
with Power Shutdown 
and Receiver 
Three-State 
Receiver 
Enable 
2-25 


+5V Powered, 
Five RS-232 Transmitters 
and Three 
RS-232 Receivers 
2-25 


+5V Powered, 
Quad RS-232 Transmitters 
and Receivers 
2-25 


+5V and +12V Powered, 
Three 
RS-232 Transmitters 
and Five RS-232 Receivers 
with Three-State 
Receiver 
Enable 
2-25 


+5V Powered, 
Five RS-232 Transmitters, 
Five Receivers 
with Power Shutdown 
and Receiver 
Three-State 
Enable in Plastic 
Flatpak 
2-25 
+5V Powered, 
Four RS-232 Transmitters, 
Five Receivers 
with Power Shutdown 
and Receiver 
Three-State 
Enable in 28 Pin Small Outline 
2-25 


High-Speed 
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RS-232 Drivers/Receivers 
2-13 


High-Speed 
+5V-Powered 
RS-232 Drivers/Receivers 
2-13 


+5V Powered 
Multi-Channel 
RS-232 Drivers/Receivers 
2-41 


+5V Powered 
Multi-Channel 
RS-232 Drivers/Receivers 
2-41 


+5V Powered 
Multi-Channel 
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2-41 


+5V Powered 
Multi-Channel 
RS-232 Drivers/Receivers 
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+5V Powered 
Multi-Channel 
RS-232 Drivers/Receivers 
2-41 


+5V Powered 
Multi-Channel 
RS-232 Drivers/Receivers 
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+5V Powered 
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New RS-232 Transceiver Doubles 
Speed of Existing +5V RS-232 Devices! 


Guaranteed Data Rate is 116kbits/sec 


Maxim's new MAX232Adual RS-232 
transceiver 
operates 
on +SV and 
main- 
tains 
full 
compatibility 
with 
EIA- 
232D 
and 
CCITI V.28 standards 
while 
providing the highest 
data rates available 
from 
any 
+SV powered 
RS-232 
device; 
116kblts/sec 
guaranteed. 
And, these lim- 
Its are guaranteed 
while dIiving real loads 
(2S00pF and 3kn). 
Systems 
can 
be 
smaller 
and 
less 
costly because the MAX232Aoperates with 
only 
O.lj.1F charge-pump 
capacitors, 


rather 
than 
the 
lOj.1Fcapacitors 
as re- 


qUired 
with 
older 
transceivers. 
The 
MAX232A 
outputs 
assume 
a high-im- 
pedance 
state that draws no current 
from 
the 
data 
lines 
when 
the 
transceiver 
is 
tumed 
off. 


R8-232 
at 1/10th the Power! 


Quiescent Current is Only 5001JA 


The new MAX220, with the industry-standard 
MAX232 pinout, 
meets 
all the 
requirements 
of 
ElA-232D while dramatically 
reducing 
power consumption. 
The dual transceiver 
typically draws only 


SOOj.1Avs. SmA for CMOS-equivalent 
transceivers 
and 14mA for bipolar equivalents. 
The 2mA maximum 
supply current 
for the MAX220 is 
10 times lower than bipolar RS-232 
ANALOG 
transceivers. 
The 
reduction 
in 
DESIGN GUIDE 
power 
consumption 
makes 
the 
MAX220 Ideal for hand-held 
in- 
struments 
and 
other 
portable 
applications. 
When powered down (VCC = 
OV),the MAX220 outputs 
tum off 
and draw negligible current 
from 
the 
data 
lines. 
Moreover, 
the 
MAX220 is guaranteed 
to operate 
at data 
rates 
up to 20kblts/sec 
while maintaining 
full compati- 
bility with ElA-232D and CCITI 
V.28 standards. 


1 
Multiplexers, 
Switches 
Militarv 


2 
Interlace Products 


3 
Op Amps 


4 
DC-DCConverters, 
Power Suoolies 


5 
IlP Supervisory 


6 
Analog Filters 


7 
AID Converters 


8 
High Speed: 
Video Comoarators 


9 
D/A Converters 


Dual Transceivers Conserve 67mW 
of Power In Shutdown Mode 


New MAX222 and MAX242 Draw Only lOJ.!A Max 


The MAX222 and MAX242, operating 
with space- 
saving 
O.IIlF external 
charge-pump 
capacitors, 
are 
guaranteed 
for data 
rates 
up to ll6kbits/sec. 
These 
dual 
transceivers 
(two drivers 
and 
two receivers 
on 
each chip) feature 
a shutdown 
mode that disables 
the 
device 
and 
turns 
off all 
driver 
and 
receiver 
out- 
puts. 
Using 
the shutdown 
mode, 
the MAX222 and 
MAX242 
save 
up 
to 
67mW 
of power 
when 
not 
receiving 
or transmitting 
data 
by reducing 
loaded 
supply 
current 
from 
l3.5mA 
during 
normal 
oper- 
ation 
to lOIlA in the 
shutdown 
mode. 
The MAX222 and 
MAX242 are identical 
except 
one pin 
places 
the 
MAX222's 
drivers 
and 
receivers 
into the shutdown 
mode. 
The MAX242 provides 
sep- 
arate 
three-state 
controls 
for the driver and receiver 
outputs, 
allowing 
bused 
(party-line) 
configurations. 


And, 
the 
MAX242 receivers 
remain 
on in the shut- 
down mode to receive incoming 
data. 


RS-232 Transceiver 
Simplifies Cabling 


Switch between Xon/Xoff 
and 


CTS/RTS flow control without 
changing cables 


The 
MAX243 
lets 
you 
swap 
between 
2-wire 
(Xon/Xofl) 
and 
4-wire 
(CTS/RTS) 
interfaces 
without 
changing 
cables or addingjumpers. 
Because 
one ofthe 
two receiver-input 
thresholds 
is negative (-O.8Y)instead 
of positive (+l.4Y), CTS/RTS flow-control lines can float 
without interrupting 
communications. 
The receiver 
output 
goes high only if its input 
is 
actively driven negative. 
If the input 
is floating or not 
driven, 
the 
output 
defaults 
to the low "OK to send" 
state. 
In normal 
applications, 
the negative-threshold 
receiver 
connects 
to the data line (TO or RDJ, and the 
other 
I.4V threshold 
receiver 
connects 
to the control 
line 
(OTR, OTS, CTS. RTS). 
The MAX243 operates 
with space saving O.lIlF external 
charge-pump 
capac- 


itors, 
and 
is 
guaranteed 
for 
data 
rates 
up 
to 
lI6kbits/sec. 


MAX243 


ELIMINATES 
THI$JUMPfR 


CIS 


RTSJ 


RfC(lVtIIllPUf 
R1 OUTPUT 
R20UTPUT 


s .JV 
HlGH 
HIGH 
0"'. 
HIGH 
lOW 


,.:lV 
lOW 
lOW 


Break Ground Loops 
Complete Solution 
in a Standard 40-Pin DIP Package Needs 


No External Components 


Do you need 
to transmit 
RS-232 
data 
where very high 
transient 
voltages. 
differential 
ground 
potentials. 
or noise 
is encountered? 
The MAX252A and MAX252B are dual. 
+5V powered 
RS-232 
transceivers 
that are designed 
for environments 
where noise and ground 
loops are present. 
The UL 
recognized 
MAX252A withstands 
up to 1500Vrms for I second. 
1260Vrms for 1 minute. 
or 130Vnns 
continuously. 
The MAX252B. 


designed 
to break ground 
loops. 


withstands 
500Vnns 
for I mIn- 
ute or 600Vnns 
for one second. 


The MAX252 contains 
all the 
components 
necessary 
for an 
isolated 
RS-232 
Interface 
in a 
standard. 
40-pin. 
plastic 
DIP 
package including 
optocouplers. 


capacitors. 
and a transformer. 
The MAX252 can 
operate 
at a guaranteed 
9600bits/sec 
while 
meeting 
ElA-232D 
and 
CCITT V.28 specifications. 
The 
MAX252 will typically 
operate 
at data rates up to 20kbits/sec. 
A shutdown 
mode disables 
the 


device 
and 
lowers 
power 
con- 
sumption 
to 50lJ,W when 
the 


RS-232 port is not in use. 
And 
shutdown 
places the driver out- 
puts 
In a high impedance 
state 
that draws no current 
from the 
data lines. 


" 
Break 
Ground Loops 


The new MAX249 contains 6 RS-232 drtvers 


and 10 RS-232 receivers to provide two complete 
DIE (DataTerminal Equipment) RS-232 serial ports 
on one chip to save board space in space critical 
applications. 
The MAX249 meets all EIA-232D 


specifications and is guaranteed to operate at data 
rates up to 64kbits/sec. 
The MAX249is available 


in a 44 pin PLCC package and uses space saving 
I.OIJF external charge pump capacitors. 
Nine different 
operating 
modes 
deter- 


mine the combination 
of RS-232 drivers 
and 


RS-232 receivers 
that are enabled 
at anyone 


time. Separatetransmitterenablelnputscon- 
trol two sets of three transmitters 
and separate 
receiver enable inputs 
control two sets of five 


receivers. 
Thus. an unused 
serlalport(3 
driv- 


ers and 5 receivers) can be shutdown 
to save 
power while the other serial port continues 
to 


transmit 
and receive data. 
The receivers 
re- 
main active dUring shutdown 
at data rates up 
to 20kbits/sec. 
Supply 
current 
falls to 251J.A 
when 
all drivers 
and receivers 
are disabled. 


- 


A Complete 
PC Serial Port 
On One Chip! 


MAX241 has 4 RS-232 Drivers and 5 RS-232 Receivers 


The MAX241 is"a single PC serial RS-232 Interface port 
on one chip that reduces 
board space in personal 
computers. 
The MAX241 has 4 RS-232 drivers and 5 RS-232 receivers on 
one 28-pin small-outline 
chip to provide a complete 
RS-232 
DTE (Data Terminal 
Equipment) 
port plus a spare 
RS-232 
driver. 
Therefore, 
all RS-232 data transmission 
and hand- 
shaking 
is taken 
care of on one chip. 
Plus, 
the MAX241 
operates 
at data rates in excess of 20kbit/sec 
while meeting 
all EIA-232D specifications. 
The MAX241 iricludes 
a shutdown 
and receiver enable 
mode. 
Receiver outputs 
turn off, and transmitter 
outputs 
are 
disabled 
during 
shutdown 
mode. 
In this mode, supply 
cur- 
rent drops to lOlJAextending 
battery 
life in laptop computer 
applications. 
The MAX241's 
enable 
control 
activates 
the 
receiverTIL/CMOS 
outputs 
when it is at a low level, or places 
the outputs 
into a high Impedance 
state. 
The RS-232 trans- 
mitters 
are unaffected 
by the receiver enable status. 


+5V Powered Dual RS-232 Transceiver 
With No External Components! 
New MAX233A Guarantees 116kbits/sec 
Data Rate 


Maxim's 
new MAX233A is a dual 
RS-232 
transceiver 
that operates 
on a single +5V supply. 
The transceiver 
saves board space by integrating 
all the charge-pump 
capacitors 
reqUired 
for a 
+5V-operation 
RS-232 transceiver 
within a 20- 
pin DIP package. 
A 20-pln small-outline 
package 
version will be available In July 1991 to save even 
more space. 
The MAX233A meets EIA-232D and CCITI 
V.28 standards 
while operating 
at data rates as 
high as 116kbits/sec. 
The device typically oper- 
ates to 200kbits/sec, 
extending 
the usable 
rate 
well beyond 
20kbits/sec 
as guaranteed 
by the 
RS-232 standard. 
The MAX233A consumes 
10mA maximum 
quiescent 
current. 
When VCC = OV, the output 
drivers 
assume 
a high-impedance 
state 
that 
draws no current 
from the data lines. 


+ 


Interface Products 


Power 
#of 
#of 
Supply 
Price 
Part 
Supply 
RS232 
RS232 
#of 
Ext. 
Nom. Cap. 
Shutdown 
l(mA) 
(kb/sec) 
100Q-upt 
Number 
(V) 
Drivers 
Receivers 
Caps 
(I1F) 
& 3-State 
max 
max 
Features 
($) 


MAX220 
+5 
2 
2 
4 
10 
NO 
2 
20 
Ultra low power, 
industry 
standard 
pinout 
2.65 


MAX222 
+5 
2 
2 
4 
0.1 
YES 
10 
116 
MAX232A 
with shutdown 
2.65 


MAX230 
+5 
5 
0 
4 
4.7 
YES 
10 
20 
5 drivers 
with shutdown 
3.44 


MAX231 
+5 and +7.5 
2 
2 
2 
4.7 
NO 
1/5 
20 
Standard 
+5/ +12V or battery 
supplies; 
same 
2.04 
to +13.2 
functions 
as MAX232 


MAX232 
+5 
2 
2 
4 
4.7 
NO 
10 
20 
Industry 
standard 
1.91 


MAX232A 
+5 
2 
2 
4 
0.1 
NO 
10 
116 
Higher 
slew rate, small caps 
2.65 


MAX233 
+5 
2 
2 
0 
NO 
10 
20 
No external 
caps 
3.56 


MAX233A 
+5 
2 
2 
0 
4.7 
NO 
10 
116 
No external 
caps, high slew rate 
4.21 


MAX234 
+5 
4 
0 
4 
4.7 
NO 
10 
20 
Replaces 
1488 
3.10 


MAX235 
+5 
5 
5 
0 
YES 
10 
20 
No external 
caps 
7.20 


MAX236 
+5 
4 
3 
4 
4.7 
YES 
10 
20 
Shutdown, 
three-state 
4.18 


MAX237 
+5 
5 
3 
4 
4.7 
NO 
10 
20 
Complements 
IBM PC serial port 
4.18 
~ 
MAX238 
+5 
4 
4 
4 
4.7 
NO 
10 
20 
Replaces 
1488 and 1489 
4.18 
Ut 
MAX239 
+5 and +7.5 
3 
5 
2 
4.7 
NO 
1/15 
20 
Standard 
+5/ +12V or battery 
supplies; 
single 
4.18 
to +13.2 
package 
solution 
for IBM PC serial port 


MAX240 
+5 
5 
5 
4 
4.7 
YES 
10 
20 
DIP or flatpak 
package 
5.10 


MAX241 
+5 
4 
5 
4 
4.7 
YES 
10 
20 
Complete 
IBM PC serial port 
4.73 


MAX242 
+5 
2 
2 
4 
0.1 
YES 
10 
116 
Separate 
shutdown 
and enable 
2.65 


MAX243 
+5 
2 
2 
4 
0.1 
NO 
10 
116 
Open line detection 
simplifies 
cabling 
2.65 


MAX244 
+5 
8 
10 
4 
1.0 
NO 
25 
20 
High slew rate 
tt 


MAX245 
+5 
8 
10 
0 
YES 
25 
20 
High slew rate, int. caps, two shutdown 
modes 
tt 


MAX246 
+5 
8 
10 
0 
YES 
25 
20 
High slew rate, 
int. caps, three shutdown 
modes 
tt 


MAX247 
+5 
8 
9 
0 
YES 
25 
20 
High slew rate, 
int. caps, nine operating 
modes 
tt 


MAX248 
+5 
8 
8 
4 
1.0 
YES 
25 
20 
High slew rate, selective 
haU-chip 
enables 
tt 


MAX249 
+5 
6 
10 
4 
1.0 
YES 
25 
20 
MAX248 with 2 complete 
IBM PC serial ports 
tt 


~S232 ISOLA nON 
PRODUcrs 
I 
MAX250 
+5 
2 
2 
YES 
20 
Isolated 
RS232 chipset 
3.20 


MAX251 
+5 
2 
2 
YES 
20 
Isolated 
RS232 chipset 
3.20 


MAX252A 
+5 
2 
2 
0 
YES 
90 
9.6 
UL Recognized, 
lSOOV isolation 
50.00 


MAX252B 
+5 
2 
2 
0 
YES 
90 
9.6 
EconomicalSOOV 
isolation 
29.50 


Note: 
t 
Prices provided 
are for design 
guidance 
and are FOB USA. 
International 
prices will differ due to local duties, 
taxes, and exchange 
rates. 


tt Future 
producls-contact 
factory 
for pricing 
and availability. 
I 
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What The E'A·232D Specs Don't Tell You 


What'5 The 
Maximum Cab'e Length? 


When the RS-232C standard was rewritten as EIA-2320, 
the specification 
pertaining 
to maximum 
cable 
length 
was changed 
from 
'50 feet' to 
'2500 picofarads.' 
This 
change from 
feet of cable to picofarads 
of load capac- 
itance recognizes 
a shortcoming 
in RS-232C: not only 
does the older spec ignore the effects of cable capaci- 
tance; 
it contains 
a 50ft distance 
limit often ignored 
by 
designers. 


The new EIA-2320 
specification 
considers 
cable length 
indirectly, 
through the effect of load capacitance, 
but it 
doesn't specify a maximum length. Because the capac- 
itance of inexpensive 
cable can range from 12pF/ft for a 
single 
twisted 
pair to 30pF/ft 
for low-noise, 
shielded, 
multiple-twisted-pair 
cable, some confusion still prevails. 


Cable capacitance 
matters because EIA-2320 transmis- 
sions are AC signals. First, higher capacitance 
demands 
higher 
peak currents 
from the transmitter, 
resulting 
in 
higher 
average 
supply 
current 
for a given 
data 
rate 
(Figure 
1). Second, 
the cable impedance 
forms an AC 
divider with the transmitter's 
output impedance. 
Higher 
cable capacitance 
lowers the divider's shunt component, 
which 
in turn reduces 
signal amplitude 
at the receiver 
end of the cable (Figure 2). This signal loss becomes 
a 
problem 
when the receiver-end 
voltage falls below the 
specified 
5V minimum input level. 


Third, cable capacitance 
limits the slew rate available 
from a given transmitter 
(Figure 3), and slew rate deter- 


mines the transition time between the +3V and -3V signal 
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Figure 
1. MAX220 Supply Current vs. Output Load 
Capacitance, 
2 Transmitters 
Driven 


.•.•••••••.••• 
Jx •.••••••••• 


.•••"' •.•••J X •..••"'. is a registered 
trademark 
of Maxim Integrated 
Products. 


levels. Transition time then constrains the maximum data 
rate according 
to specifications 
in the RS-232C, 
EIA- 
2320 
and CCITTV.28 
standards 
(Table 
1). Every EIA- 
2320 transmitter from Maxim is therefore tested with the 
maximum 2500pF specified 
load capacitance, 
to ensure 
compliance 
with the maximum data rate specified for that 
device. 
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Figure 2. 
MAX220 Output Voltage vs. Output Load 
Capacitance, 
2 Transmitters 
Driven 


The simplest 
way to calculate 
the maximum 
allowable 
cable length for a Maxim EIA-2320 transceiver 
is to divide 
its 2500pF load specification 
by the capacitance 
per foot 
specified 
for your 
EIA-2320 
cable. 
Then, 
for cable 
lengths 
up to that limit, you can be assured 
that the 


transceiver 
will operate 
properly 
and provide 
its maxi- 
mum specified 
data rate. 
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Figure 3. Slew Rate vs. Output Capacitance 
(MAX220/232N233N242/243) 


What The EIA-232D Specs Don't Tell You 


Figure 4 shows how the data rate may be extended 
past 
the limits of RS-232. 
Longer cable adds to line capaci- 
tance, 
lengthening 
the signal 
transition 
time (tT) and 


thereby 
limiting the data rate. But you can implement 


cable 
lengths 
and 
data 
rates well 
beyond 
the 
limits 


implied by the EIA-232D specification. 
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Figure 4. Maximum 
Transition Time vs. Bit Interval 


______ 
Why Use Low-Power 
E'A-232D 
Components? 


Many types 
of portable 
equipment 
communicate 
over 
EIA-232D 
lines, from bar-code 
readers 
to underwater 


data loggers. Minimal power consumption 
is a common 


goal in these designs, 
particularly 
in portable equipment 
that must sustain a long battery life. Low power consump- 
tion in EIA-232D transceivers 
is important because dissi- 


pation in these circuits becomes 
a growing 
percentage 


of the total as you reduce the operating current in a CMOS 
system. 


____ 
When Shou'd You Activate 
The Shutdown 
Mode? 


First, how often is the EIA-232D link active? If the answer 
is 'continuously" 
then it's best to choose a transceiver with 


the lowest possible quiescent 
current. The MAX220, with 
low 0.5mA quiescent current is ideal for low-power appli- 


cations. Supply current for a given device varies with the 
capacitive 
load (Figure 1) and the data rate. Low current 


remains important 
if the operation 
is intermittent, 
but in 


that case you should also shut the chip down when it's 
not in use. The MAX222 and MAX242, for instance, draw 
only 111Ain the shutdown mode. 


Shutdown helps the system conserve 
power (Figure 5). 


Although the MAX222 and MAX242 draw the same cur- 
rent as the MAX232A/233A/243 
(13.4mA for the condi- 
tions listed) for continuous 
operation, they consume less 


average power if shut down for any duty cycle at all. The 
lower-power 
MAX220, which cannot be shut down, has 
an advantage 
over the MAX222 and MAX242 only when 
it transmits 
data more than two-thirds 
of the time. (This 


comparison 
is restricted 
to 
data 
rates 
below 
the 


MAX220's limit of 40 kbits/sec.) 
The optimum choice for 
power consumption 
thus depends on the application 
and 


on the ratio of transmitting 
time to shutdown time. 


__ 
What E'A-232D 
App'ications 


Require Line 'so'ation? 


In telecomm 
systems, the service provider 
incorporates 


line isolation to protect the network against 
unorthodox 


connnections 
made 
by users. Similarly, the EIA-232D 
connections 
from patient-monitoring 
equipment 
to data 


loggers and supervisory 
computers 
must be isolated to 


protect the patient from failures in the hardware. 
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Figure 5. To conserve power, use the MAX220 when transmit- 
ting data more than 2/3 of the time. 
Use the MAX222/MAX242 


with shutdown 
when transmitting 
less than 2/3 of the time. 


What The E'A·232D Specs Don't Tell You 


Isolation not only provides 
safety, it can also improve a 
system's electrical performance. 
EIA-232D links between 
a computer 
in one building 
and terminals 
in other build- 
ings, for example, can exhibit ground-current 
noise if the 
buildings' 
earth-ground 
connections 
have different 
po- 


tentials (and they often do). Isolation with a rating of only 
1OOVcan solve this problem. In severe industrial environ- 
ments, however, you may need a full UL-rated 
isolation 
barrier of 1500V or more. 


The task of transmitting 
digital data while maintaining 
an 
electrical 
barrier 
is usually performed 
by transformers 
and opto-isolators. 
The transformer supplies power to the 
other side of the barrier while the opto-couplers 
handle 
data transmission 
across the barrier. As an alternative, 


the transmission 
technique 
can involve small capacitors, 


acoustic 
devices, 
or even 
radio 
communications. 
An 
alternative 
to transformers 
for power transmission 
is the 
use of independent 
power supplies 
on either side of the 
barrier. 


It may appear straightforward 
to implement 
line isolation 


by combining 
standard 
EIA-232D 
transmitter 
and 
re- 
ceiver 
chips 
with standard 
opto-isolators, 
but this ap- 


proach 
has 
two 
drawbacks: 
Because 
the 
LEDs 
in 
opto-isolators 
(especially 
high-speed 
ones) require more 
current than normal logic circuits can provide, you must 
connect 
the outputs 
in parallel or add buffer ICs to get 
adequate 
drive current. Second, the isolated power sup- 
ply will be fairly large because standard 
EIA-232D chips 
require supply voltages of ±12V as well as +5V. 


These power and signal-transfer 
problems are overcome 
by the MAX250/MAX251 
chip set. The two ICs include 
circuitry for two EIA-232D transmitters 
and two receivers, 
circuitry 
for generating 
isolated 
power-supply 
voltages 
from the main (non-isolated) 
+5V supply, 
and interface 
circuitry for driving and receiving 
signals from the exter- 
nal opto-isolators. 
You need supply only the isolators, a 
1:1 transformer 
and 
a few 
passive 
components 
to 
complete 
an isolated 
dual-transceiver 
EIA-232D 
port 
(Figure 
6a). 


You can achieve 
any reasonable 
isolation voltage 
by a 
careful choice of the isolation components 
(opto-isolators 
and transformer). 
Inexpensive 
4N26 optos, for example, 
when operated 
in the diode-to-diode 
mode (with base 


tied 
to emitter), 
can 
support 
transmission 
rates 
to 
19.2kbits/sec. 
Higher speed opto-couplers 
such as the 
6N136 are good for data rates to 90kbits/sec. 
You can 
either wind the transformer 
according 
to specifications 
taken 
from the 
MAX250/251 
data 
sheet, 
or obtain 
it 
ready-made 
from the manufacturer, 
also listed in the data 
sheet. 


The MAX252 
(Figure 
6b), 
packs 
all the 
circuitry 
of 


Figure 
6a in a module 
with the size and appearance 
of a standard 
40-pin 
DIP for ICs. The UL-recognized 
device 
includes 
two ICs, a transformer, 
four capaci- 


tors, four opto- 
isolators, 
and a 1500V isolation 
bar- 
rier. 


___ 
~ What improvements Have 


Been Made in RS·232 


Data Transmission? 


Numerous changes 
in the RS-232 standard 
(now called 


EIA-232D) 
have been prompted 
by the experience 
of 
users. This process continues, and IC manufacturers 
are 
responding 
as the component 
requirements 
change. 


Here are some of the recent developments: 


Operation On a Single +SV Supply 
On-chip 
DC-DC converters 
generate 
10V for the trans- 


mitter output drivers. This feature eliminates the need for 
12V supplies, 
often included 
in a system solely for the 
EIA-232D circuits. 


Transmitters and Receivers On One Cllip 
Combining 
transmitters 
and receivers 
on one chip pro- 
vides a significant 
space savings over the separate 
IC 
approach, 
especially 
in surface-mount 
applications. 


Higller Data Rates 
Maxim ICs (MAX222/232N233A/242/243) 
guarantee 
an 


RS-232 data rate of 116kbits/sec. 
compared 
with the EIA 


limit of 20kbits/sec. 
(Though most popular, 
EIA-232D is 
the slowest of the current standards 
for serial-data trans- 
mission, as shown in Table 2). 


Otller New Features for EIA·232D Devices 
Chip Enable controls the receiver outputs, and Shutdown 
reduces 
the supply 
current to 1~ 
in the MAX222/242. 


By placing 
the transmitter 
outputs in a high-impedance 
state, Shutdown allows the chip to share lines with other 
RS-232 transmitters. The MAX222 perform Shutdown and 
Chip Enable with one pin; The MAX242 offers separate 
pins for Chip Enable and Shutdown. 


What The E'A·232D Specs Don't Tell You 
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TABLE 1. COMPARISON OF TRANSITION TIMES 


RS-232C 
EIA-232D 


30 V/IlS 


CCITIV.28 


30 V/IlS 


Transition Time, tT, Maximum 
<40 bits/sec. 
<30bits/sec. 
(V.28 only) 
40bits/sec. 
< tT < 8kbits/sec. 


> 8kbits/sec. 


4% of a unit interval 


51ls 


1ms 


3% of a unit interval 
3% of a unit interval 
4% of a unit interval 
4% of a unit inverval 


TABLE 2. COMPARISON OF STANDARDS 


EIA-232D 
EIA-423A 
EIA-422A 
RS-485 


Mode of Operation 
Single Ended 
Single Ended 
Differential 
Differential 


Allowed 
# of Tx and Rx per Data Line 
1 Tx, 1 Rx 
1 Tx, 1 Rx 
1 Tx, 10 Rx 
32Tx, 32Rx 


Cable Length, Maximum 
Load-Dependent 
4kft 
4kft 
4kft 


Data Rate, Maximum 
20kbits/sec. 
100kbits/sec. 
10Mbits/sec. 
10Mbits/sec. 


Driver Output Range, Loaded (OVOffset): 


Minimum 
±5V 
±3.6V 
±2V 
±1.5V 
Maximum 
±15V 
±5.4V 
±5V 
±5V 


Driver Short-Circuit 
Current, Maximum 
500mA 
150mA 
150mA 
250mA 


TX Load Impedance 
3kn to 7kn 
450n 
100n 
54n 


Instantaneous 
Slew Rate 
< 30V/lls 


Rx Input Sensitivity 
±3V 
±200mV 
±200mV 
±200mV 


Rx Input Resistance, 
Minimum 
3kn to 7kn 
4kn 
4kn 
12kn 


Rx Input Range 
±25V 
±12V 
±7V 
-7Vto 
+12V 


~1I1~JXI~1I1 
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_____________GeneraIDescription 


The 
MAX220/222/232A/233A/242/243 
are 
ideal 
for 
EIA-232D 
and V 28N.24 
interfaces, 
particularly 
where 
±12V supplies 
are not available. 
Each device 
contains 
two drivers and receivers and operates from a single +5V 
power supply. Driver slew rates and data rates are guar- 
anteed up to 116kbits/sec 
(except 
MAX220), and most 
devices 
operate 
with only 0.1JlF charge-pump 
capaci- 


tors. 


MAX220: 
A low-power, 
pin-compatible 
upgrade of the 
MAX232, with a typical supply current of only 0.5mA. 


MAX222: 
Includes 
a SHUTDOWN 
(SHDN) 
input that 
disables 
the device 
and places 
all driver and receiver 
outputs 
into a high-impedance 
state. When shut down, 


supply current is only 101lA. 


MAX232A1MAX233A: 
Pin-compatible 
upgrades 
of the 
MAX232/MAX233. 
Driver outputs 
maintain 
high imped- 


ance with power off. 


MAX243: 
Identical 
to 
the 
MAX232A, 
except 
the 
MAX243 has a negative input threshold on one receiver 
that eliminates the jumpers on CTS and RTS; jumpers are 
normally required 
when switching 
from two-line to four- 


line interfaces. 


MAX242: 
Identical to the MAX222 with the addition 
of 
separate three-state 
controls for driver and receiver out- 
puts. allowing 
bused 
configurations. 
When drivers 
are 
disabled, 
supply current falls to 101lA. 


___________________ Applications 


Portable Computers 


Low-Power Modems 


Interface Translation 


Battery-Powered 
RS-232 Systems 


Multi-Drop 
RS-232 Networks 


_____________________ Features 


• 
116kbitslsec Guaranteed Data Rate (except MAX220) 


• 
Three-State 
Outputs (MAX222/MAX242) 


• 
O.SmA Typ Supply Current (MAX220) 


• 
High-Impedance 
Outputs with Power Off 


• 
10JlA Max Shutdown Current (MAX2221MAX242) 


• 
Exceed All EIA-232D and V.28 Specifications 


• 
Open-Line 
Detection (MAX243) 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MAX220CPE 
O"C to +70'C 
16 Plastic Dip 


MAX220CWE 
O"C to +70"C 
16WideSO 


MAX220CSE 
O'C to +70'C 
16 Narrow SO 


MAX220C/D 
O'C to +70'C 
Dice" 


MAX220EPE 
-40"C to +85'C 
16 Plastic Dip 


MAX220EWE 
-40"C to +85"C 
16 Wide SO 


MAX220ESE 
-40"C to +85'C 
16 Narrow SO 


MAX220EJE 
-40"C to +85'C 
16CERDIP 


MAX220MJE 
-S5"C to + 12S"C 
16CERDIP 


MAX222CPN 
O"C to+70"C 
18 Plastic Dip 


MAX222CWN 
O"C to+70"C 
18 Wide SO 


MAX222C/D 
O"C to +70"C 
Dice" 


MAX222EPN 
-40'C to +85'C 
18 Plastic Dip 


MAX222EWN 
-40'C to +85'C 
18WideSO 


MAX222EJN 
-40"C to +85"C 
18CERDIP 


MAX222MJN 
-55"C to + 125'C 
18CERDIP 


Ordering 
information 
continued 
on page 
11 
" Contact 
factory for dice specifications. 


Part Number 
Max kbits/sec 
External Capacitors 
Maxsuppx 
Shutdown 
& 
Features 
(!IF) 
Current(m 
) 
Three-State 


MAX220 
20 
4.7/10 
2 
No 
Lowest Power 


MAX222 
116 
0.1 
10 
Yes 
SFIDN 


MAX232A 
116 
01 
10 
No 
High Speed 


MAX233A 
116 
None 
10 
No 
Internal Caps 


MAX242 
116 
0.1 
10 
Yes 
EN, SRlJi'J 


MAX243 
116 
0.1 
10 
No 
Open-Line 
Detect 
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ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (Vcc) 
. 


Input Voltages 


TIN 
RIN .............•. 
TOUT (Note 1) 
....•........ 
Output Voltages 
TOUT 
±15V 
ROUT 
.. -0.3V to (Vcc +0.3V) 


Driver/Receiver 
Output Short Circuited 
to GND 
Continuous 


Continuous 
Total Power Dissipation 
(TA; 
+70·C) 


16-Pin Plastic Dip (derate 7.41mWrC above +70·C) 
18-Pin Plastic Dip (derate 8.00mwrc 
above +70·C) 


2O-Pin Plastic Dip (derate 8.00mwrc 
above +70·C) ... 
440mW 


16-Pin Narrow SO (derate 8.70mWrC above +70·C) 
.. 478mW 


16-Pin Wide SO (derate 9.52mWrC above +70·C) ... 
525mW 


18-Pin Wide SO (derate 9.52mWrC 
above +70·C) 
. 525mW 


16-Pin CERDIP (derate 10.00mWrc above +70·C) 
550mW 


18-Pin CERDIP (derate 10.53mWrC above +70·C) 
579mW 


Operating 
Temperature 
Ranges: 


MAX2 __ AC __ 
0 MAX2 __ C __ 
. 
O·C to +70·C 


MAX2 __ AE __ 
0 MAX2 __ E _ _ 
-40·C to +85·C 


MAX2 __ AM __ 
0 MAX2 __ M __ 
-55·C to +125·C 


Storage Temperature 
Range 
-65·C to + 160·C 


Lead Temperature 
(soldering, 
10 see) 
. . 
. ..... 
+3oo·C 


-0.3V to (Vcc -o.3V) 
±30V 
±15V 


~~:;:tr;nb;~~dd~~~; 
'~ti:e~~~~ra·~:6ih~~ 
c~~'!/~n~ 
~:~~W~·t7::te 
~~~T;af:~%a~:;~g~~~!J~~? 
s~tZ~~~~'th~h:~c~h~:~r;; 
~a~2f~f~~~:~~~~~ 


absolute 
maximum 
rating conditions 
for extended 
periods 
may affect device 
reliability. 


ELECTRICAL CHARACTERISTICS 


(VCC; 
+5V ±10%, Cl-C4; 
O.l~Fo TA; 
TMIN to TMAXounless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


R5-232 TRANSMITTERS 


Output Voltage Swing 
All transmitter outputs loadec with 3kn to GND 
±5 
±8 
V 


Input Logic Threshold 
Low 
1.4 
0.8 
V 


Input Logic Threshold 
High 
2 
1.4 
V 


SRDN; 
VCC 
5 
40 


Logic Pull-Up/Input 
Current 
SRDN ;OV 
±O.Ol 
±1 
~A 


VCC ; 5.5V, SRDN ; OV, VOUT; 
±15V 
±O.Ol 
±10 
Output Leakage Current 


VCC; 
SRDN; 
OVoVOUT; 
±15V 
±O.Ol 
±10 
~A 


Except MAX220, normal operation 
200 
116 
Data Rate 
kbits/sec 


MAX220 
22 
20 


Transmitter 
Output Resistance 
VCC ; V+ ; V- ; OVoVOUT; 
±2V 
300 
10M 
Q 


Output Short-Circuit 
Current 
VOUT; 
OV 
±7 
±22 
mA 


RS-232 RECEIVERS 


RS-232 Input Voltage Operating 
Range 
±30 
V 


Except 
MAX243 
R21N 
0.8 
1.3 
RS-232 Input Threshold 
Low 
VCC; 
5V 
V 


MAX243 
R21N (Note 2) 
-3 


RS-232 Input Threshold 
High 
Except 
MAX243 
R21N 
1.8 
2.4 


VCC; 
5V 
V 


MAX243 
R21N (Note 2) 
-0.5 
-0.1 


Except MAX243, Vcc ; 5Vono hyst. in shdn. 
0.2 
0.5 
1 
RS-232 Input Hysteresis 
V 


MAX243 
1 


RS-232 Input Resistance 
3 
5 
7 
kn 


nUCMOS 
Output Voltage Low 
lOUT; 
3.2mA 
0.2 
0.4 
V 


nUCMOS 
Output Voltage High 
lOUT; 
-1.0mA 
3.5 
Vcc-0.2 
V 


nUCMOS 
Output Short-Circuit 
Current 


Sourcing VOUT ; GND 
-2 
-10 


Sinking VOUT ; Vcc 


mA 


10 
30 


nUCMOS 
Output Leakage Current 
SRDN ; VCC or EN ; VCCoOV ~ VOUT ~ VCC 
±O.05 
±10 
~A 


EN Input Threshold 
Low 
1.4 
0.8 
V 
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ELECTRICAL CHARACTERISTICS 
(continued) 


(Vcc; 
+5V ±10%, Cl-C4; 
O.lIlF, TA; 
TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
I 
MIN 
TYP 
MAX 
UNITS 
rn Input Threshold 
High 
2.0 
1.4 
V 


POWER SUPPLY 


Operating 
Supply Voltage 
4.S 
5.5 
V 


MAX220 
0.5 
2 
No load 
Vcc Supply Current 
MAX222/232N233N242/243 
4 
10 
mA 
(SRlJN ; Vcc), 
Figures 5-10 
MAX220 
12 
3kQ load both outputs 
MAX222/232N233N242/243 
15 


TA; 
+25'C 
0.1 
10 


TA; 
O'C to +70'C 
2 
50 
Shutdown 
Supply Current 
MAX222/242 
TA ; -40'C to +85'C 
2 
50 
IlA 


TA; 
-5S'C to +125'C 
35 
100 


SRlJN Input Leakage 
Current 
±1 
IlA 


SRlJN Threshold 
Low 
1.4 
0.8 
V 


SFIDI'J Threshold 
High 
2.0 
1.4 
V 


AC CHARACTERISTICS 


CL ; SOpF to 2500pF, 
Except MAX220 
6 
12 
30 
RL; 
3kQ to 7kQ, 
Transition 
Slew Rate 
VCC ; 5V, TA ; +25'C, 
V/IlS 
measured 
from +3V to 
MAX220 
1.5 
3 
30 
-3V or -3V to +3V 


MAX222/232N233N242/243 
1.3 
3.5 


Transmitter 
Propagation 
Delay 
tPHLT 
MAX220 
4 
10 
TIL to RS-232 (Normal Operation), 


MAX222/232N233N242/243 
1.5 
3.S 
IlS 


Figure 1 
tPLHT 
MAX220 
S 
10 


MAX222/232N233N242/243 
0.5 
1 


Receiver Propagation 
Delay 
tPHLR 
MAX220 
06 
3 


RS-232 to TIL (Normal Operation), 


MAX222/232N233N242/243 
0.6 
1 
Ils 


Figure 2 
tPLHR 
MAX220 
0.8 
3 


Receiver propagation 
Delay 
tPHLS 
MAX242 
0.5 
10 
RS-232 to TIL ( hutdown), 
Figure 2 
tPLHS 
MAX242 
2.5 
10 
IlS 


Receiver-Output 
Enable Time, Figure 3 
tER 
MAX222/242 
125 
500 
ns 


Receiver-Output 
Disable Time, Figure 3 
tOR 
MAX222/242 
160 
SOO 
ns 


Transmitter-Output 
Enable Time 
tET 
MAX222/242, 
O.lIlF caps 
2S0 
IlS 
(SFIDI'J goes high), Figure 4 
(Includes charge-pump 
start-up) 


Transmitter-Output 
Disable Time 
tOT 
MAX222/242, 
O.lIlF caps 
600 
ns 
(SFIDI'J goes low), Figure 4 


Transmitter 
+ to - Propagation 
MAX222/232N233N242/243 
300 
Delay Difference 
(Normal Operation) 
tPHLT-tPLHT 
ns 


MAX220 
2000 


Receiver 
+ to - Propagation 
MAX222/232N233N242/243 
100 
tPHLR-!PLHR 
ns 
Delay Difference 
(Normal Operation) 
MAX220 
22S 


Note 1: 
Input voltage measured 
with TOUT in high-impedance 
state, SHDN or VCC ; OV. 


Note 2: 
MAX243 R20UT is guaranteed 
to be low when the R21Nis ~ OVor is floating. 
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OUTPUT VOLTAGE ¥s. LOAO CURRENT 
AVAILABLE OUTPUT CURRENT 
¥s. OATA RATE 
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______ 
Detailed Description 


The 
MAX220-MAX243 
contain 
three 
sections: 
dual 
charge-pump 
DC-DC voltage converter, 
RS-232 drivers, 


and RS-232 receivers. 


Dual Charge-Pump 
Voltage Converter 


All devices 
convert 
+SV to ±10V with two stages 
of 
charge-pump 
voltage 
conversion. 
In the first stage, 
pump 
capacitor 
C 1 doubles 
Vcc 
to + 1OV, which 
is 
stored 
on the V+ filter 
capacitor, 
C3. In the second 


stage, 
pump 
capacitor 
C2 
inverts 
+ 1OV to 
-10V, 


which 
is stored 
on the 
V- filter 
capacitor, 
C4. The 
equivalent 
circuit 
of the dual charge 
pump 
is shown 


in Figure 
12. 


A small amount of power can be drawn from the + 1OV 
(V+) and -10V (V-) outputs 
to power external 
circuitry. 
The amount that can be drawn 
is shown in the Output 


Voltage vs. Load Current and Available 
Output Current 


VS. 
Data 
Rate 
graphs 
in 
the 
Typical 
Operating 
Characterisitics 
Section. The second 
graph shows that 


the available 
current 
varies 
inversely 
with data rate. If 
more than ±10V power is required, 
the MAX680 charge- 


pump 
voltage 
converter 
or the MAX? 43 DC-DC 
con- 


verter are recommended. 


When using the shutdown 
feature of the MAX222 and 
MAX242, avoid using V+ and V- to power external cir- 
cuitry. When these parts are shut down, V- falls to OV,and 
V+ falls to +SV. For applications 
where a + 10V external 


supply 
is applied 
to the V+ pin (instead 
of using the 


internal charge pump to generate + 10V), the C1 capaci- 


tor must not be installed and the SHDN pin must be tied 
to VCC. This is because V+ is internally connected 
to VCC 


in shutdown mode. 


When power is drawn from the V+ or V- pins, except for 
the MAX220, the value of C1-C4 should be increased 
to 


at least 111F,but not more than 1011F. The time required 
to return to active operation after shutdown is proportional 
to the charge-pump 
capacitor 
value. 


RS·232 Drivers 


With +SV VCC, the typical driver-output 
voltage swing is 


±8V when loaded with a nominal SkQ RS-232 receiver. 
The output swing is guaranteed to meet the EIA-232DN,28 
specification 
which calls for ±SV minimum 
output 
levels 


under worst-case 
conditions. 
These include a minimum 


3kQ load ,Vcc = 4.SV, and maximum operating 
temper- 


ature. The open-circuit 
output voltage swing ranges from 
V+ - 1.3V to V- + O.SV. 


Input thresholds are both CMOS and TIL compatible. The 
inputs of unused drivers can be left unconnected 
since 


400kn input pull-up resistors to VCC are included on chip. 
Since all drivers invert, the pull-up resistors force the out- 
puts of unused drivers low. In the MAX222 and MAX242 , 
the pull-ups are disabled in shutdown to minimize current 
drain. When shut down, driver outputs are turned off. 


As required 
by the EIA-232D 
and V.28 specifications, 


driver-output 
slew rate is limited to 30V/llS. Typical slew 


rates are 24V/llS unloaded 
and 12V/llS loaded with 3kQ 
and 2S00pF. These slew rates allow bit rates of over 
116kbits/sec. 


High-Speed +5V-Powered RS-232 
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RS-232 Recel"er. 


The RS-232 receiver-input 
signal range of ±5V to ±15V is 
translated to 5V nUCMOS 
output logic levels. Since the 
EIA-232DN,28 
specifications 
define 
a voltage 
level 
greater than +3V as a logic 0, the receivers 
invert. And 
since the inputthresholds 
are set at 0.8V and 2.4V (except 
MAX243 R2IN), receivers 
respond 
to EIA-232DN.28 
as 
well as nL 
level inputs. 


Receivers' inputs are protected 
against input overvoltage 
up to ±30V and provide 
input terminating 
resistors with 
5kO 
nominal 
values. 
The receivers 
implement 
type 
1 
interpretation 
of fault 
conditions 
(-7 
of V.28, 
-2.5 
of 
EIA-232D). 


RS-232 receivers' 
inputs hysteresis 
is typically 
O.5V with 
a guaranteed 
minimum 
of 0.2V. This produces 
clear 
output transitions, 
even with slow-moving 
input signals 
with moderate amounts of noise and ringing. The receiver 
propagation 
delay is typically 
SOOnsand is independent 
of input swing direction. 


Shutdown· 
MAX222/MAX242 


On the 
MAX222, 
all 
receivers 
are 
disabled 
during 
shutdown. 
On the MAX242, 
both receivers 
continue 


to operate 
in a reduced 
power 
mode 
when the chip 
is in shutdown. 
Under these conditions, 
the propaga- 
tion delay 
increases 
to about 
2.511Sfor a high-to-Iow 


input transition. 
When in shutdown, 
the receiver 
acts 
as a CMOS inverter 
with no hysteresis. 
The MAX242 
also 
has 
a receiver 
output 
enable 
input 
(EN) 
that 
allows 
receiver 
output 
control 
independent 
of SHDN. 
With the 
MAX222, 
SHDN 
also 
disables 
the receiver 
outputs. 


MAX243-Negetlve 
Threshold 


The 
MAX243 
is pin 
compatible 
with 
the 
MAX232A, 


differing 
only in that RS-232 cable 
fault protection 
is 
removed 
on one 
of the 
two 
receiver 
inputs. 
This 
means 
that 
control 
lines such 
as CTS and 
RTS can 
either 
be driven 
or left floating 
without 
interrupting 
communication. 
Different 
cables 
are not needed 
to 
interface 
with different 
pieces 
of equipment. 


The input threshold 
of the receiver 
without 
cable 
fault 
protection 
is -0.8V rather than + 1.4V. 
Its output goes 


positive only if the input is connected 
to a control line that 


is actively driven negative. 
If not driven, it defaults to the 
° or 'OK to send' state. 
Normally, the MAX243's other 


receiver (+ 1.4V threshold) 
is used for the data line (TO or 


RD), while the negative threshold 
receiver is connected 


to the control line (DTR, DTS, CTS, RTS, etc.). 


Other members 
of the MAX232 
family 
implement 
the 


optional 
cable 
fault 
protection 
as specified 
by EIA- 


2320 
specifications. 
This means 
a receiver 
output 


goes 
high whenever 
its input 
is driven 
negative, 
left 


floating, 
or shorted 
to ground. 
The high output 
tells 


the serial 
communications 
IC to stop 
sending 
data. 


To avoid 
this, the control 
lines must either 
be driven 


or connected 
with jumpers 
to an appropriate 
positive 


voltage 
level. 


____ 
Applications Information 


Figures 5 through 
11 show typical 
operating 
circuits. 
In 


applications 
that are sensitive 
to power-supply 
noise, 


Vcc should be decoupled 
to ground with a capacitor 
of 


the same value as C1 and C2 connected 
as close as 


possible 
to the device. 
RS-232 receivers 
and 
drivers 


invert on all devices. 


Driver outputs 
(T10UT, T20UT) on all devices 
enter 
a 


high-impedance 
state when Vcc 
powers 
down. 
Also, 


when the SHDN input of the MAX222 or MAX242 is low, 
the devices turn off and the driver outputs a~o 
into 


a high-impedance 
state. 
In the 
MAX222, 
SHDN 
also 


disables 
receiver 
logic outputs 
(R10UT, R20UT); how- 


ever, when the MAX242 is shut down, its receivers 
con- 


tinue to function in a reduced 
power mode. 


MAX242 receiver 
oJ:!!puts are placed 
in a high-imped- 


ance state by the EN input independent 
of SHDN. EN 


enables the receiver nUCMOS 
outputs (R1OUT, R20UT) 


when low and places the outputs into a high-impedance 
state when high. 


When active (no shutdown), 
the MAX242 receiver prop- 


agation delay is approximately 
600ns. When shut down, 


the delay increases to approximately 
2.511Sfor a high-to- 


low input transition. To minimize power consumption, 
the 


internal driver pull-up 
resistors disconnect 
from VCC in 


the shutdown mode. 
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Figure 5. MAX220 Typical Operating 
Circuit 
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PART 
TEMP. RANGE 
PIN-PACKAGE 


MAX232ACPE 
o'Cto 
+70'C 
16 Plastic Dip 


MAX232ACSE 
O'Cto 
+7O'C 
16 Narrow SO 


MAX232ACWE 
o'Cto 
+7o'C 
16 Wide SO 


MAX232AC/D 
O'C to +7O'C 
Dice' 


MAX232AEPE 
-40'C to +85'C 
16 Plastic Dip 


MAX232AESE 
-40'C to +85'C 
16 Narrow SO 


MAX232AEWE 
-40'C to +85'C 
16WideSO 


MAX232AEJE 
-40'C to +85'C 
16 CERDIP 


MAX232AMJE 
-55'C to + 125'C 
16CERDIP 


MAX233ACPP 
O'C to+70'C 
20 Plastic Dip 


MAX233AEPP 
-40'C to +85'C 
20 Plastic Dip 


MAX233ACWP 
O'C to+70'C 
20 Wide SO 


MAX233AEWP 
-40'C to +85'C 
20 Wide SO 


MAX242CPN 
O'C to+70'C 
18 Plastic Dip 


MAX242CWN 
O'Cto 
+70'C 
18WideSO 


MAX242C/D 
o'Cto 
+70'C 
Dice' 


MAX242EPN 
-40'C to +85'C 
18 Plastic Dip 


MAX242EWN 
-40'C to +85'C 
18 Wide SO 


MAX242EJN 
-40'C to +85'C 
18CERDIP 


MAX242MJN 
-55'C to + 125'C 
18CERDIP 


MAX243CPE 
O'C to +70'C 
16 Plastic Dip 


MAX243CSE 
O'C to+70'C 
16 Narrow SO 


MAX243C/D 
O'C to+70'C 
Dice' 


MAX243EPE 
-40'C to +85'C 
16 Plastic Dip 


MAX243ESE 
-40'C to +85'C 
16 Narrow SO 


MAX243EJE 
-40'C to +85'C 
16CERDIP 


MAX243MJE 
-55'C to + 125'C 
16CERDIP 


_______ 
General 
Description 


Maxim's 
family 
of line drivers/receivers 
are intended 


for 
all RS-232 and V.28N.24 communications 
inter- 


faces, and in particular, 
for those applications 
where 


±12V is not available. The MAX230, MAX236, MAX240 
and MAX241 are particularly 
useful in battery powered 
systems 
since 
their 
low 
power 
shutdown 
mode 
reduces 
power 
dissipation 
to 
less than 
5J1W. 
The 
MAX233 
and 
MAX235 
use no external 
components 
and are recommended 
for applications 
where printed 
circuit 
board 
space is critical. 


All 
members 
of the family 
except 
the MAX231 
and 
MAX239 need only a single +5V supply 
for operation. 


The 
RS-232 drivers/receivers 
have on-board 
charge 
pump voltage converters 
which convert 
the +5V input 
power 
to the ±10V 
needed 
to generate 
the RS-232 
output 
levels. The MAX231 and MAX239, designed 
to 
operate 
from 
+5V and +12V, contain 
a +12V to -12V 
charge 
pump voltage 
converter. 


Since 
nearly 
all RS-232 applications 
need both 
line 
drivers and receivers, the family 
includes 
both receiv- 
ers and drivers 
in one package. 
The wide variety 
of 
RS-232 
applications 
require 
differing 
numbers 
of 
drivers 
and receivers. 
Maxim 
offers a wide selection 
of 
RS-232 
driver/receiver 
combinations 
in order 
to 
minimize 
the package 
count 
(see table below). 


Both the receivers 
and the line drivers 
(transmitters) 
meet all EIA RS-232C and CCITT 
V.28 specifications. 


~~I~JXI~~I 
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____________ 
Features 


• 
Operates from Single 5V Power Supply 
(+5V and +12V - 
MAX231 and MAX239) 


• 
Meets All RS-232C and V.28 Specifications 


• 
Multiple Drivers and Receivers 


• 
Onboard DC-DC Converters 


• 
±9V Output Swing with +5V Supply 


• 
Low Power Shutdown - 
<1J1A (typ) 


• 
3-State TTLICMOS 
Receiver Outputs 


• 
±30V Receiver Input Levels 


Computers 


Peripherals 


Modems 


Printers 


Instruments 


Part 
No. of 
No. of 
External 
Low Power 
Shutdown 
Number 
Power Supply 
Voltage 
RS-232 
RS-232 
Components 
fTTL 
3-State 
No. of Pins 


Drivers 
Receivers 


MAX230 
+5V 
5 
0 
4 capacitors 
Yes/No 
20 
MAX231 
+5V 
and 
+7.5V 
to 
13.2V 
2 
2 
2 capacitors 
No/No 
14 


MAX232 
+5V 
2 
2 
4 capacitors 
No/No 
16 


MAX233 
+5V 
2 
2 
None 
No/No 
20 


MAX234 
+5V 
4 
0 
4 capacitors 
No/No 
16 


MAX235 
+5V 
5 
5 
None 
Yes/Yes 
24 


MAX236 
+5V 
4 
3 
4 capacitors 
Yes/Yes 
24 


MAX237 
+5V 
5 
3 
4 capacitors 
No/No 
24 


MAX238 
+5V 
4 
4 
4 capacitors 
No/No 
24 


MAX239 
+5V 
and 
+7.5V 
to 
13.2V 
3 
5 
2 capacitors 
NolYes 
24 


MAX240 
+5V 
5 
5 
4 capacitors 
YeslYes 
44 


(Flatpak) 


MAX241 
+5V 
4 
5 
4 capacitors 
YeslYes 
28 
(Small 
Outline) 


+5VPowered 
RS·232 Drivers/Receivers 


ABSOLUTE MAXIMUM RATINGS 


Short Circuit 
Duration 
TOUT ...................•...•...•............ 
continuous 


Power Dissipation 
CERDIP 
............................•...•........ 
675mW 


(derate 9.5mW/· C above +70· C) 


Plastic DIP 
................................•..... 
375mW 


(derate 7mWrC 
above +70·e) 
Small Outline 
(SO) 
.........................•..... 
375mW 


(derate 7mW/·C 
above +70·e) 


Lead Temperature 
(soldering 
10 seconds) 
+300· C 


Storage Temperature 
-65·C 
to +160·C 


Stresses above those listed under ''Absolute Maximum 
Ratings" may cause permanent damage to the device. These are stress ratings only. and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum 
rating conditions tor extended periods may affect device reliability. 


~ 
~~~ 
V 
.............................•...... 
(Vcc - 0.3V) to +14V 
V- 
..................•...•...•...•............ 
+0.3V to -14V 


Input Voltages 
T'N 
......................•........... 
-0.3 to (Vcc + 0.3V) 
R'N 
......................•......................... 
±30V 
Output 
Voltages 
TOUT 
(V' + 0.3V) to (V- - 0.3V) 
ROUT ................•............. 
-0.3V to (Vcc + 0.3V) 


ELECTRICAL CHARACTERISTICS 


(MAX232, 234, 236, 237, 238, 240, 241 VCC = 5V ±10%; MAX233, 235 Vcc = 5V ±5% C1-C4 = 1.0I!F; MAX231 , 239 Vcc = 5V ±10%, 
V+ = 7.5V to 13.2V; TA = Operating 
Temperature 
Range, Figures 3-14, unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Output Voltage Swing 
All Transmitter Outputs loaded with 3kQ to Ground 
+5 
±9 
V 


No load, TA = +25'C 
MAX232-MAX233 
5 
10 


VCC Power Supply Current 
MAX230, MAX234-238, 
MAX240-MAX241 
7 
15 
mA 


MAX231 , MAX239 
0.4 
1 


V+ Power Supply Current 
No load, 
I MAX231 
1.8 
5 
mA 
MAX231 and MAX239 only 
I MAX239 
5 
15 


Shutdown 
Supply Current 
Fiaure 1, TA = +25'C 
1 
10 
uA 


Input Loaic Threshold 
Low 
TIN, EN, Shutdown 
0.8 
V 


Input Logic Threshold 
High 
TIN 
2.0 
V 


EN, Shutdown 
2.4 


Loaic Pullup Current 
TIN = OV 
15 
200 
uA 


RS-232 Input Voltage Operating 
Range 
-30 
+30 
V 


RS-232 Input Threshold 
Low 
VCC = 5V, TA = +25'C 
(MAX231, 239 V+ = OV) 
0.8 
1.2 
V 


RS-232 Input Threshold 
Hiah 
VCC = 5V, TA = +25'C 
(MAX231 , 239 V+ = 12V) 
1.7 
2.4 
V 


RS-232 Input Hysteresis 
VCC = 5V 
0.2 
0.5 
1.0 
V 


RS-232 Input Resistance 
TA = +25'C, 
Vcc = 5V 
3 
5 
7 
kQ 


nUCMOS 
Output Voltaae Low 
lOUT = 1.6mA (MAX231-233, 
lOUT = 3.2mA) 
0.4 
V 


nUCMOS 
Output Voltage High 
lOUT = 1.0mA 
3.5 
V 


nUCMOS 
Output Leakaae Current 
EN = Vcc, OV S ROUTS Vcc 
O.OS 
±10 
uA 


Output Enable Time (Figure 2) 
MAX23S, MAX236, MAX239, MAX240, MAX241 
400 
ns 


Output Disable Time (Fiaure 2) 
MAX23S, MAX236, MAX239, MAX240, MAX241 
250 
ns 


Propagation 
Delay 
RS-232to 
nL 
0.5 
us 


Instantaneous 
Slew Rate 
CL = 10pF, RL = 3-7kQ, TA = +2S'C (Note 1) 
30 
V/us 


Transition Region Slew Rate 
RL = 3kQ, CL = 25OOpF, 
3 
V/I!S 
Measured 
from +3V to -3V or -3V to +3V 


Output Resistance 
Vcc = V+ = V- = OV,VOUT = ±2V 
300 
Q 


RS-232 Output Short Circuit Current 
±10 
mA 
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__________________ 
TYpical Operating 
Characteristics 
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20 Lead Small Outline 
also available. 


-5V I.~UT 


• 
C1+ 


l.lJI1F 
" 
Cl- 
11 C2+ 
+10'1 
1U -1011 
11 
1.lJI1F 
II Cl- 
\GlDSElmmlll 
V- 


-¥ 1.lJI1F 


Th. 
TlIUT 


1211 
TZGOl, 


TIl/CMOS 
T3tI 
T3eII, 
II~TS 
1$0232 


0UTPUTl 


T4t. 
20 
T4euT 


T500 
I' 
T5IUT 


It 
17 
IIU'_ 


c- 
V- 


T20UT 


R2'1 
R20U7 
6 


T211 


VCC 


1 
GNU 


1 
TlOU' 


RIll 


9 
RloUT 


Tlil 


C2 


~1.lJI1F 


ffiICMOI{ 
I.~UTI 
7 nil 


D I •• UT 


ffiICMOI{ 
OUTPUTI 
8 IZ 
, 


} 


1$0232 
'U~TI 


II" 10 


5110 


} 


11-232 
IlPUTS 


VCC 


GND 


TlOUT 


RllN 


RloUT 


11 TlIN 


10 
T21N 


9 
R20UT 
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+5V INPUT 
! 
1.0~F 
1.0~F 


* 
~ 
16 


1 Cl+ 
Vet 
~ 
1.0~F 
3 
Cl- 


+5V TO +lOV 
V+ 
0 
VOlTAllE OOUBLER 
+IOV 


4 C2+ 
-lOV 
• 
1.0~F 


+IOV TO -IOV 
V- 
6 
~ 
5 
C2- 
VOlTAllE INVERTER 
-¥ 1.0~F 
•• 


4QOkfi 
•••• 


11 TIll 
110UT 14 
• 


TTl/CMOS{ 
} 
RS·~2 


INPUTS 
OUTPUTS 


T20UT 
7 


12 
Rl0UT 
Rl" 
13 


TIl/CMOS{ 
} 
Rs·m 


OUTPUTS 
INPUTS 


9 
R20UT 


":" 
Ell 


GNO 


15 


":" 


+5V INPUT 


400kfi 


2 
111M 
TlOUT 
5 


TTl/CMOS{ 
400kfi 
}RS.~ 


INPUTS 
OUTPUTS 


1 T2" 
TZOUT 
18 


3 Rlour 
RlIN 
4 


TIliCMOS{ 


5kfi 


}RS.~ 
OUTPUTS 
INPUTS 


20 
R20UT 


5kfi 


00 NOT MAKE! 
8 Cl+ 
C2+ 
11 


CONNECTION TO 


13 
CI- 
15 
THESE PINS 
C2+ 


INTERNAL! 
12 
V- 
C2- 
10 


-ICY 
POWER 


17 
V- 
16 
SUPPLY 
C2- 


INTERNAL 
14 V+ 
+TOV POWER 
SUPPLY 
GNO 
GNO 


6 
9 


16 Lead Small Outline 


also available. 


T2 
IN 
R2 OUT 


Tl 
IN 
R2 IN 


Rl0UT 
T2 OUT 


RI 
IN 
V- 


Tl 
OUT 
C2- 


GNO 
C2+ 


VCC 
V+ 


CI+ 
CI- 


GNO 
V- 


C2- 
C2+ 
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'Ie,.. 
+5V INPUT 


~ 
C'I• 


6 
1.O!LF 
0 
CI· 
Vcc 
8 
CW) 
1.0~F 
9 
+5V11l·IOV 
V· 


Cl- 
VOLTAGE00U8LER 


~ 


10 
CZ· 
T30UT 
·IOV 11l-IOV 
IZ 
1.0~F 
11 
VOLTAGEINVERTER 
V- 


T40uT 
CZ- 
~ 
1.O!LF 
; 


T4JN 


T3 
' 
N 
400kfl 


4 
Thill 
nDUT 
I 
v- 


11 C2- 


T21M 
TZDUT Z 


Tll/CMoS 
R8-Z32 


INPUTS 
OUTPUTS 


13 
T300T 
18 


16 Lead Small Outline 
also available. 
1400T 
15 


GNo 


Figure 
7. MA X234 
Typical 
Operating 
Circuit 
-= 


+5V INPUT 


TlI. 
TIM 


T2I. 
TZM 


R3'N 


R30UT 
TlllCMDS 
T3I. 
T3aUT 
RS-Z32 


INPUTS 
OUTPUTS 


T5'N 


SHUTDOWN 
T~. 


11 
1400T 


ffj 


T~. 
" 
150UT 
T50uT 


R4JN 
RIDUT 
10 


R40uT 


Rl" 


T4JN 
RZOUT 
R2I. 


T3JN 


R50uT 
m/CMOS 
. R3aUT 
" 
•• 
R3t. 
RS-Z32 


OUTPUTS 
INPUTS 


VCC 
R5'N 


R40uT 
II4It 
0.600" Wide Package Only 


Small Outline 
Not Available 
RBouT 
~. 


Eii 
" 
SHUTDOW. 
GNo 


Figure 
8. MA X235 
Typical 
Operating 
Circuit 
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E 


10 
Cl+ 


~ 
1.0~F 
lZ el- 


13 CZ+ 


+llNTO-ll1¥ 
v.15 
C4 
T4uUT 
1.0~F 
W Cl- 
WllJGf_VEmll 
* 1.0~F 
0 
R21N 
• 
R20uT 
TlIN 
flOUT 
~ 


21 
SHUTDOWN 
~ 
EN 
TZIN 
TZOUT 
•••• 


T4,N 
nLltMOS 
RS.232 
-. 
INPUTS 
OUTPUTS 


T~N 
T3<. 
11 
T30UT 


R30UT 


R31N 
T4<. 
" 
•• 
T40UT 


v- 


C2- 
r" 


"" j 


Cl- 
C2+ 


TILItMOS 
n 
" 


RS.23Z 


OUTPUTS 
RZOUT 
RZ" 
INPUTS 


24 Lead Small Outline 
R30uT 
" 
R3<. 
also available. 


EN 
•• 
n 
SHUTQOW. 
IEII 
GNO 


Figure 
9. MAX236 
Typical 
Operating 
Circuit 


+5V INPUT 


T4uuT 


R21N 


R20UT 


21 T51N 


20 
T50UT 


,. 
T4,N 


T~N 


R30UT 


R31N 
v- 
C2- 


C2+ 


1.0~F 


1.0~F 


Tlil. 
TlOUT 


1211. 
120UT 


nLltMOS 
T3<. 
T30UT 
RS.232 


INPUTS 
OUTPUTS 


T4<. 
T40uT 


T~. 
TSoUT 


RIDUT 
Rll. 


TILtCMOS 
R20Ul 
n 
" 
RZII 
RS.232 


OUTPUTS 
INPUTS 


R30UT 
R3<. 


24 Lead Small Outline 
also available. 


Figure 
10. MAX237 
Typical 
Operating 
Circuit 
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it 
+5V INPUT 
,..• 
~ 
• 
1.0J.1F 
• 


1.0J.1F 
0 


24 
T30UT 


'lOYTO-IlW 
V- 
15 
C") 
1.0J.1F 
vtM,TAl!EIIVUTU 


~ 


23 
R31M 
:f 
1.0J.1F 


22 
R30UT 
TlIII 
TJOUT 
; 


T41N 


T40uT 
TZII 


II 
T20uT 


T31N 
TILItMOS 
R&-232 


INPUTS 
OUTPUTS 


T21N 
T3I. 
.. 
T30uT 


R40uT 
1lI 


R4tN 
T4t. 
T4.UT 


v- 
R10Ul 
RI" 


C2- 


Cl- 
C2+ 
R20uT 
RZ" 
TILiCMOS 
RS·23Z 
OUTPUTS 
INPUTS 


R30uT 
" 
R3I. 


24 Lead Small Outline 
also available. 


R40uT 
" 
R4t. 


Figure 
11. MAX238 
Typical 
Operating 
Circuit 


7.5V-I3.2V 


+5V INPUT 
INPUT. 


Vcc 
V· 


C· 


V- 
• 
1.0J.1F 
+lOYTa_IOV 


C- 


Wl.1JIlIE1IVlIJTU 


RloUT 
1 
TlIN 


~ 
1.0J.1F 


R11N 
2 
T21N 


GHD 
3 
R20UT 
TlIII 
.. 


"M] 
R21N 
TIL/CMOS 
T211t 
" 
1lI 
R&-23Z 


T20UT 
INPUTS 
T20UT 
OUTPUTS 


TlOUT 
T3I. 
T30uT 


R31N 
v-. 8 
RJoUT 
Rlour 
Rll. 


R51N 
9 
T31N 
R20UT 
n 
RZ" 
RSoUT 
HC· 


R40uT 
EN 
TIL/CMOS 
R30UT 
R3I. 
R&-232 


OUTPUTS 
INPUTS 


R4tN 
TJoUT 


R40uT 
R4t. 
• NC• No connection 


24 Lead Small Outline 
R50uT 
R5l. 


also available. 


Eii 
GMO 
MC' 


Figure 
12. MAX239 
Typical 
Operating 
Circuit 
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1.0~F 
~ 
iiigEg!!: 
1.~F 
liI~ii~;:::t:!t!:Ii!i2~~ 
• 
1.~F 


;: ~..... 
TI'N 
TloUl 
lit 
IIZ OUT 
12'N 
T20uT 


12. 
TIll 
nUCMOS 
T3IN 
T30UT 
RS-Z3Z 


II OUT 
N1AXINI 
INPUTS 
OUTPUTS 


11111 
MAX240 
INO 
T4tN 
T4aUT 


Wee 
It 
15tN 
T50uT 
It 


Nt 
R10UT 


J7 
RI'N 


R 
lQ 
l'il 
I20UT 
" 
12", 
WWi;;'~6u~~Wii 


nUCMOS 
R30uT 
R3'N 
RS-Z3Z 
OUTPUTS 
INPUTS 


44 Lead Plastic Flatpak 
Only 
R4auT 
• 
R4tN 


RSoUT 
" 
RStN 


EN 
0 
SHUTDOWN 


FigurtJ 13. MAX240 
Typical Operating 
Circuit. 


+5V INPUT 


T30uT 
1 
" 


TlOUT 
2 
l.~F 


T20UT 
3 
1.0~F 


R21N • 


• 1.0~F 


R20UT 
Tl", 
Tlour 


T21N 
6 


TlIN 
12111 
T20UT 
7 
nuCMOS 
RS-Z3Z 


RIOUT 
• 
INPUTS 
T3tI 
OUTPUTS 
T30ur 


RIIN • 
GND 
T4ttI 
T4aur 


Vee 
RloUT 
RI", 


Cl+ 


V' 


R20ur 
12111 


Cl- 
nuCMOS 
R30ur 
/l3tN 
RS-Z3Z 
OUTPUTS 
INPUTS 


R40ur 
R4tN 


28 Lead Wide Small Outline 
Only 
lI50ur 
RStN 


Iff 
SHUTDOWN 
Figura 
14. MAX241 Typical Operating 
Circuit. 


/..,. /J X •/..,. 
2-33 


+5VPowered 
RS·232 Drivers/Receivers 


_______ 
Typical Applications 


Figures 
3 through 
14 show typical 
applications. 
The 
capacitor 
values are non-critical. 
Reducing 
the capa- 


citors 
C1 and 
C2 to 
1pF will 
slightly 
increase 
the 
impedance 
of the charge 
pump, 
lowering 
the RS-232 
driver output 
voltages 
by about 
100mV. Lower values 
of C3 and C4 increase 
the ripple 
on the V+ and V- 


outputs. 


If the power supply 
input to the device has a very fast 


rate-of-rise 
(as would 
occur 
if a PCB 
were 
to 
be 
plugged 
into a card cage with power already on), use 
the simple 
RC filter shown 
in Figure 
15. This bypass 
network 
is not needed 
if the Vcc rate-of-rise 
is below 


1Vips. 


All 
receivers 
and 
drivers 
are inverting. 
The 
ENable 


control 
of the MAX235, 
MAX236, 
MAX239, 
MAX240 
and MAX241 enables the receiver TTUCMOS 
outputs 
when 
it is at a low level, and places the TTUCMOS 
outputs 
of the receivers 
into a high impedance 
state 
when 
it is a high level. 


When the Shutdown 
control 
of the MAX230, MAX235, 


MAX236, 
MAX240 
and 
MAX241 
is at a logic 
1 the 
charge 
pump 
is turned 
off, the receiver 
outputs 
are 
put into the high impedance 
state, V+ is pulled down 
to Vcc, V- is pulled 
up to ground, 
and the transmitter 
outputs 
are disabled. 
The 
supply 
current 
drops 
to 


less than 10pA. 
_______ 
Detailed 
Description 


The following 
sections 
provide 
supplementary 
infor- 


mation 
for those designers 
with 
non-standard 
appli- 
cations 
and 
for 
those 
with 
interest 
in the 
internal 


operation 
of the devices. 


The 
devices 
consist 
of 3 sections: 
the transmitters, 
the receivers, 
and the charge 
pump 
DC-DC 
voltage 


converter. 


+5V to ±10V 
Dual Charge Pump Voltage Converter 


All but the MAX231 and MAX239 convert 
+5V to ±10V. 


This 
conversion 
is performed 
by two 
charge 
pump 
voltage 
converters. 
The 
first 
uses 
capacitor 
C1 to 


double 
the +5V to +10V, storing 
the +10V on the V+ 


output 
filter capacitor, 
C3. The second 
charge 
pump 
voltage converter 
uses capacitor 
C2 to invert the +10V 


to -10V, storing 
the -10V on the V- output 
filter capa- 


citor, C4. The equivalent 
circuit 
of the charge 
pump 


section 
is shown 
in Figure 
16. 


A small amount 
of power 
may be drawn 
from the V+ 


and V- outputs to power external circuitry. 
Two Typical 
Operating 
Characteristics 
graphs show typical 
output 


voltage versus load current 
for the MAX230, 234-238, 


and 241. Transmitter 
output current is included 
in these 


plots. The MAX231-233, 
which 
are not shown 
in the 


graphs, supply less output current, and are limited to 1 
or 2mA of excess output 
load current. 


AI•••• 
JX ,•.••••• 


CI- 
MAX232 


I 
Vcc 
GNO 
I 
I 
c,- 
I 
C,- 
58 I 
I 
I 
~ 
~ 
J 
I 
I 
I 
JU1J'5~o 
~ 
I 


For applications 
needing only the +5V to ±10V charge 
pump voltage converter, the MAX680 is available. 


The capacitor values for C1 through C4 are noncritical. 
At 
the 30kHz (MAX231-MAX233, 
60kHz otherwise) 
typical 
switching frequency of the voltage converter, a 1~F capa- 
citor has approximately 
1on impedance and replacing the 
4.7~F and 10~F capacitors 
shown in the typical applica- 
tions with 1~F for C1 and C2 will increase 
the output 
impedance 
of the V+ output by about 10n and the output 
imepedance of V' by about 20n. 
Lowering the value of C3 
and C4 increases 
the ripple on the V+ and V' outputs. 


Where 
operation 
to the upper temperature 
limit is not 
required, or VCC will not go below 4.75V, C1 and C2 can 
be 1~F, and C3 and C4 can be 1~F per output channel 
(1~F if one transmitter 
is used, 5~F if five transmitters 
are 
used). 


There 
are 
parasitic 
diodes 
which 
become 
forward 
biased if V+ goes below Vcc or V- goes above ground. 
When 
in the 
shutdown 
mode 
(MAX230, 
MAX235, 
MAX236, 
MAX240 and MAX241 only). 
V+ is internally 
connected 
to 
Vcc by 
a 1kO 
pulldown, 
and 
V' 
is 
internally 
connected 
to ground 
via a 1kO pullup. 


The MAX233 and 
MAX235 contain 
all charge 
pump 
components, 
including 
the 
capacitors, 
and 
operate 
with NO external components. 


The MAX231 and MAX239 include 
only the V+ to V- 


charge pump, and are intended for applications 
which 
have a +5V supply and either a +12V ± 10% supply or a 
7.5V to 13.2V battery voltage. When operating 
with V' 
greater than 8.0V, both capacitors 
can be 1JlF. 


Driller (Transmitter) Section 


The 
transmitters 
or 
line 
drivers 
are 
inverting 
level 
translators 
which 
convert 
the 
CMOS 
or TTL 
input 
levels to RS-232 or V.28 voltage 
levels. With +5V Vcc, 
the typical 
output 
voltage 
swing 
is ±9V when loaded 
with the nominal 
5kO input 
resistance 
of an RS-232 
receiver. The output 
swing 
is guaranteed 
to meet the 
RS-232/\/'28 
specification 
of 
±5V 
minimum 
output 
swing 
under 
the worst 
case conditions 
of all trans- 
mitters 
driving 
the 
3kO 
minimum 
allowable 
load 
impedance, 
Vcc 
= 
4.5\1, 
and 
maximum 
operating 
ambient 
temperature. 
The open circuit 
output voltage 
swing is from 
(V+ - 0.6V) to V-. 


The input thresholds 
are both CMOS and TTL com- 
patible, 
with 
a logic 
threshold 
of about 
25% of Vcc. 


The 
inputs 
of 
unused 
drivers 
sections 
can 
be left 
unconnected; 
an internal 
400kO input pullup 
resistor 
to Vcc will 
pull the inputs 
high, 
forcing 
the unused 
transmitter 
outputs 
low. The 
input 
pullup 
resistors 
source 
about 
12JlA, and the driver 
inputs 
should 
be 
driven 
high 
or 
open 
circuited 
to 
minimize 
power 
supply 
current 
in the shutdown 
mode. 
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When 
in the low power 
shutdown 
mode, 
the driver 
~ 
outputs are turned off and their leakage current 
is less 
~ 
than 1JlA with the driver output 
pulled to ground. 
The 
• 
driver 
output 
leakage 
remains 
less than 1JlA, even if 
"'- 


the transmitter 
output 
is backdriven 
between 
OV and 
~ 
(Vcc + 6V). 
Below 
-0.5V 
the 
transmitter 
is diode 
IV 
clamped 
to ground 
with 
1kO series impedance. 
The 
~ 
transmitter 
is also zener 
clamped 
to approximately 
0 
Vcc + 6V, with a series impedance 
of 1kO. As required 
by the RS232 and \/'28, the slew rate is limited 
to less 
Ilo. 
•••••• 
than 
30v/JlS. This 
limits 
the 
maximum 
usable 
baud 
IV 
rate to 19,200 baud. 
•••• 


Receiller Section 
~ 


All but the MAX230 and MAX234 contain 
RS-232N28 
receivers. 
These 
receivers 
convert 
the ±5V to ±15V 
RS-232 signals 
to 5V TTUCMOS 
outputs. 
Since the 
RS-232C1V.28 
specifications 
define 
a voltage 
level 


greater 
than +3V as a 0, the receivers 
are inverting. 


Maxim has set the guaranteed 
input thresholds 
of the 
receivers to 0.8V minimum 
and 2.4V maximum, 
which 
are significantly 
tighter 
than the -3.0V minimum 
and 
+3.0V 
maximum 
required 
by the 
RS-232 
and 
V.28 
specifications. 
This allows 
the receivers 
to respond 
both to RS-2321V.28 levels and TTL level inputs. The 
receivers 
are protected 
against 
input 
overvoltage 
up 
to±30\/, 
~ 


The 0.8V guaranteed 
lower threshold 
is important 
to 
~ 
ensure that the receivers 
will have a logic 1 output 
if 
the receiver 
is not being 
driven 
because 
the equip- 


ment 
containing 
the 
line 
driver 
is 
turned 
off 
or 
disconnected, 
or if the connecting 
cable has an open 
circuit 
or short 
circuit. 
In other 
words, 
the receiver 
implements 
Type 1 interpretation 
of fault conditions 
(§7 of \/'28, §2.5 of RS-232C). 
While a OV or even a 
-3V 
receiver 
threshold 
would 
be acceptable 
for the 
data 
lines, 
these 
lower 
thresholds 
would 
not 
give 


proper 
indication 
on the control 
lines such 
as DTR 
and DSR. The receivers, on the other hand, have a full 
0.8V noise margin 
for detecting 
the power-down 
or 


cable-disconnected 
states. 


The 
receivers 
have 
a hysteresis 
of 
approximately 


0.5\1, with a minimum 
guaranteed 
hysteresis of 200m\/' 


This aids in obtaining 
clean output 
transitions, 
even 
with slow rise and fall time input signals with moderate 
amounts of noise and ringing. 
The propagation 
delays 
of the receivers 
are 350ns for 
negative-going 
input 
signals, 
and 
650ns 
for 
positive-going 
input 
signals 
(see Typical Characteristics 
graphs). 


The MAX239 
has a receiver 3-state 
control 
line, and 
the 
MAX235, 
MAX236, 
MAX240 
and 
MAX241 
have 
both a receiver 3-state control 
line and a low power 


shutdown 
control. 
The receiver 
TTUCMOS 
outputs 
are in a high impedance 
3-state 
mode whenever 
the 


3-state 
ENable 
line is high, and are also high 
impe- 


dance whenever 
the Shutdown 
control 
line is high. 
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Review of EIA Standard 
RS·232·C 
and CCITT 
_ 
Recommendations 
V.28 and V.24 


The most common 
serial interface 
between electronic 


equipment 
is the "RS232" 
interface. 
This serial inter- 


face has been found 
to be particularly 
useful for the 


interface 
between 
units 
made by different 
manufac- 
turers 
since the voltage 
levels are defined 
by the EIA 


Standard RS-232-C and CCITT Recommendation 
V.28. 


The RS-232 specification 
also conta~ns signal 
circ':lit 


definitions 
and 
connector 
pin 
assignments, 
while 


CCITT 
circuit 
definitions 
are contained 
in a separate 
document, 
Recommendation 
v'24. Originally 
inte.nded 


to 
interface 
modems 
to 
computers 
and 
terminals, 
these 
standards 
have 
many 
signals 
which 
are 
not 


used for computer-te-computer 
or computer-te-peri- 
pheral 
communication. 


Serial 
interfaces 
can be used with a variety 
of trans- 


mission 
formats. 
The 
most 
popular 
by 
far 
is the 


asynchronous 
format, generally at one of the standard 


baud 
rates 
of 
300, 600, 
1200, etc. 
The 
maximum 


recommended 
baud rate for RS-232 and V.28 is 20,000 


baud, 
and the fastest 
commonly 
used 
baud 
rate is 


19,200 baud. Asynchronous 
serial links use a variety 


of combinations 
of the number of data bits, what type 


(if any) of parity 
bit, and the number 
of stop bits. A 


typical 
combination 
is 7 data bits, even parity, and 1 


stop bit. 


RS2321V.28 physical 
links are also suitable 
for synch- 


ronous 
transmission 
protocols. 
These 
higher 
level 


protocols 
often 
use 
the 
standard 
RS-232C1V.28 


voltage 
levels. 
Note 
that 
one 
type 
of physical 
link 


(such as RS-2321V.28 voltage 
levels) can be used for 


a variety of higher level protocols. 
Table 2 summanzes 


the 
voltage 
levels 
and 
other 
requirements 
of 
V,28 


and RS-232. 


Comparison of RS·232C/V.28 
with other Standard. 


The other two most common 
serial interface specifica- 


tions 
are the 
EIA RS423 and RS422/RS485 
(CCITT 


recommendations 
V,10 and 
v'11). While 
the 
RS-232 


or V.28/V.24 interface 
is the most common 
interface 


for 
communication 
between 
equipment 
made 
by 


different 
manufacturers, 
the RS4231V.10 interface 
and 


RS4221V.11 interfaces 
can 
operate 
at 
higher 
baud 


rates. In addition, 
the RS485 interface 
can be used 


for low cost local area networks. 


The 
RS423 
and 
V.10 interfaces 
are 
unbalanced 
or 


"single-ended" 
interfaces 
which 
use 
a differential 
receiver. This standard 
is intended 
for data signaling 


rates up to 100 kbitls 
(100 kilobaud). 
It achieves 
this 


higher 
baud rate through 
more precise 
requirements 


on the waveshape 
of the transmitters 
and through 
the 


use of differential 
receivers to compensate 
for ground 


potential 
variations 
beween 
the transmitting 
and re- 


ceiving equipment. 
With certain 
limitations, 
this inter- 


face is compatible 
with RS-232 and V.28. The limita- 


tions are: 


1) less than 20,000 baud rate, 


2) maximum 
cable 
lengths 
determined 
by 
RS-232 


performance, 


3) RS4231V.10DTE and DCE signal return paths must 


be connected 
to the the RS232/V.28 signal ground, 


4) the 
RS-232 transmitter 
output 
voltages 
must 
be 
limited 
to ±12V, or additional 
protection 
must 
be 
provided 
for the RS4231V.10receivers, and 


5) not 
all 
RS2321V.28 
receivers 
will 
show 
proper 


power-off 
detection 
of V.10transmitter 
outputs. 


Maxim's MAX230 and MAX232-MAX238, 
MAX240 and 


MAX241 
meet 
restrictions 
4 and 
5 over 
the 
entire 


range 
of 
recommended 
operating 
conditions. 
The 


MAX231 
and 
MAX239 
meet 
restrictions 
4 
and 
5 


provided 
that the V+ voltage 
is 12.5V or less. 


The RS422, RS485, and V,11 interfaces 
are balanced 


double-current 
interchanges 
suitable 
for baud 
rates 


up to 10 Mbitls. 
These interfaces 
are not compatible 


with RS-232 or V,28 voltage levels. 


________ 
Application 
Hints 


Operation at High Baud Rat•• 


V,28 states that 
"the time 
required 
for the signal 
to 


pass through 
the transition 
region during 
a change 
in 


state shall not exceed 
1 millisecond 
or 3 percent 
of 


the nominal 
element 
period 
on the interchange 
cir- 
cuit, whichever 
is less." RS-232C allows the transition 


time 
to 
be 4 percent 
of the 
duration 
of 
a signal 
element. At 19,200 baud, the "nominal 
element period" 


is approximately 
50ps, 
of which 
3 percent 
is 1.5ps. 


Since 
the transition 
region 
is from 
-3V to +3V, this 


means the V,28 slew rate would 
ideally 
be faster than 


6V11.5ps = 4V1ps at 19.2 kbaud and 2V1ps at 9600 baud. 
The RS-232 requirement 
is equivalent 
to 3V1ps at 19.2 


kbaud, 1.5V1ps at 9600 baud, etc. The slew rate of the 
MAX230 series devices 
is about 3V1ps with the maxi- 


mum recommended 
load of 2500pF. In practice, 
the 


effect of less than optimum 
slew rate is a distortion 
of 


the recovered 
data, where 
the 1's and O's no longer 


have equal width. This distortion 
generally 
has negli- 


gible 
effect and the devices can be reliably 
used for 


19.2 kbaud serial links when the cable capacitance 
is 


kept below 2500pF. With very low capacitance 
load- 


ing, 
the 
MAX230 
and 
MAX234-239, 
MAX240 
and 


MAX241 
may even be used at 38.4 kbaud, 
since the 


typical 
slew rate is 5V1ps when loaded with 500pF in 


parallel 
with 
5kO. 
Under 
no circumstance 
will 
the 


,u-.L+9V 


O~ 


I 
-9V 


II 
wJ 


5V 


INVERTED 
TTl 
SIGNALL 


TTL 
INPUTS- 


1 
I 


~ 


v 
9S-232 


W 
OUTPUT 


-9V 


slew rate exceed 
the RS-232N.28 
maximum 
spec of 


30VlJiS 
and, unlike 
the 1488 driver, no external 
com- 


pensation 
capacitors 
are needed under any load con- 


dition. 


Driving Long Cables 


The 
RS-232 standard 
states that 
"The 
use of short 


cables 
(each 
less than 
approximately 
50 feet or 15 


meters) 
is recommended; 
however, longer cables are 


permissible, 
provided 
that the load capacitance 
... 


does not exceed 2500pF:' 


Baud 
rate and 
cable 
length 
can be traded 
off: 
use 


lower 
baud rates for long cables, 
use short cables 
if 


high baud rates are desired. For both long cables and 
high baud rates, use RS422N.11. The maximum 
cable 


length for a given baud rate is determined 
by several 


factors, 
including 
the capacitance 
per meter of cable, 
the 
slew 
rate 
of 
the 
driver 
under 
high 
capacitive 


loading, 
the 
receiver 
threshold 
and 
hysteresis, 
and 


the acceptable 
bit error rate. The receivers have 0.5V 


of hysteresis, 
and the drivers are designed 
such that 


the slew rate reduction 
caused 
by capacitive 
loading 


is minimized 
(see Typical 
Characteristics). 
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Non-Inverting Drivers and Receivers 


Occasionally 
a non-inverting 
driver 
or 
receiver 
is 


needed 
instead of the inverting 
drivers 
and receivers 


of the family. 
Simply 
use one of the receivers 
as a 


TTUCMOS 
inverter 
to 
get 
the 
desired 
operation 


(Figure 
17). If the 
logic 
output 
driving 
the 
rec~iver 


input 
has less than 1mA of output 
source 
capability, 


then add the 2.2kO pullup 
resistor. 


The receiver TTL outputs 
can directly 
drive the input 


of another 
receiver 
to form 
a non-inverting 
RS-232 


receiver. 


Protection for Shorts to ±15V Supplies 


All 
driver 
outputs 
except 
on the 
MAX231, 
MAX232 


and MAX233 
are protected 
against 
short 
circuits 
to 


±15V, which 
is the maximum 
allowable 
loaded output 


voltage 
of an RS-232N.28 
transmitter. 
The MAX231, 


MAX232, and MAX233 can be protected 
against short 


circuits 
to ±15V 
power 
supplies 
by the addition 
of 


a series 2200 
resistor 
in each 
output. 
This 
protec- 


tion is not needed to protect 
against short circuits 
to 


most 
RS-232 
transmitters 
such 
as the 
1488, since 


they 
have 
an 
internal 
short 
circuit 
current 
limit 


of 12mA. 


The power 
dissipation 
of the MAX230 and MAX234- 


MAX239, MAX240 and MAX241 is about 200mW with 
all transmitters 
shorted 
to ±15V. 


Isolated RS-232 Interfaces 


RS-232 
and 
V.28 specifications 
require 
a common 


ground 
connection 
between 
the two units communi- 


cating 
via the RS-232N.28 
interface. 
In some cases, 


there 
may 
be large 
differences 
in ground 
potential 


between 
the two units, and in other cases it may be 


desired 
to avoid 
ground 
loop 
currents 
by isolating 


the 
two 
grounds. 
In 
other 
cases, 
a computer 
or 


control 
system 
must be protected 
against 
accidental 


connection 
of the 
RS-232N.28 
signal 
lines 
to 
110/ 


220VAC power 
lines. Figure 
18 shows 
a circuit 
with 


this isolation. 
The power for the MAX233 is generated 


by a MAX635 
DC-DC 
converter. 
When 
the MAX635 


regulates 
point "p;' to -5V, the isolated 
output 
at point 
"B" 
will 
be semi-regulated 
to 
+5V. The 
two 
opto- 


couplers 
maintain 
isolation 
between 
the 
system 


ground 
and the RS-232 ground 
while transferring 
the 


data across the isolation 
barrier. While this circuit 
will 


not 
withstand 
110VAC between 
the 
RS-232 
ground 


and either the receiver or transmitter 
lines, the voltage 


difference 
between the two grounds 
is only limited 
by 


the 
optocoupler 
and 
DC-DC 
converter 
transformer 


breakdown 
ratings. 


- 


L, 
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PART 
TEMP. 
RANGE 
PACKAGE 


MAX230 
0.3" Wide 


MAX230CPP 
O°C to +70°C 
20 Lead Plastic DIP 


MAX230CWP 
O°C to +70°C 
20 Lead Wide 5.0. 


MAX230C/D 
O°C to +70°C 
Dice 


MAX230EPP 
-40°C to +85°C 
20 Lead Plastic DIP 


MAX230EWP 
-40°C 
to +85°C 
20 Lead Wide 50. 


MAX230EJP 
-40°C 
to +85°C 
20 Lead CERDIP 


MAX230MJP 
-55°C 
to +125°C 
20 Lead CERDIP 


MAX231 
0.3" Wide 


MAX231CPD 
O°C to +70°C 
14 Lead Plastic DIP 


MAX231CWE 
O°C to +70°C 
16 Lead Wide 5.0 


MAX231C/D 
O°C to +70°C 
Dice 


MAX231EPD 
-40°C to +85°C 
14 Lead Plastic DIP 


MAX231 EWE 
-40° C to +85°C 
16 Lead Wide 5.0. 


MAX231EJD 
-40° C to +85°C 
14 Lead CERDIP 


MAX231MJD 
-55° C to +125°C 
14 Lead CERDIP 


MAX232 
0.3" Wide 


MAX232CPE 
O°C to +70°C 
16 Lead Plastic DIP 


MAX232CWE 
O°C to +70°C 
16 Lead Wide 5.0. 


MAX232C/D 
O°C to +70°C 
Dice 


MAX232EPE 
-40° C to +85°C 
16 Lead Plastic DIP 


MAX232EJE 
-40° C to +85°C 
16 Lead CERDIP 


MAX232EWE 
-40° C to +85°C 
16 Lead Wide 5.0. 


MAX232MJE 
-55°C to +125°C 
16 Lead CERDIP 


MAX233 
0.3" Wide 


MAX233CPP 
O°C to +70°C 
20 Lead Plastic DIP 


MAX233EPP 
-40° C to +85° C 
20 Lead Plastic DIP 


MAX234 
0.3" Wide 


MAX234CPE 
O°C to +70°C 
16 Lea.d Plastic DIP 


MAX234CWE 
O°C to +70°C 
16 Lead Wide 5.0. 


MAX234C/D 
O°C to +70°C 
Dice 


MAX234EPE 
-40°C 
to +85°C 
16 Lead Plastic DIP 


MAX234EWE 
-40° C to +85°C 
16 Lead Wide 5.0. 


MAX234EJE 
-40°C 
to +85°C 
16 Lead CERDIP 


MAX234MJE 
-55°C to +125°C 
16 Lead CERDIP 


MAX235 
0.6" Wide 


MAX235CPG 
O°C to +70°C 
24 Lead Plastic DIP' 


MAX235EPG 
-40°C 
to +85°C 
24 Lead Plastic DIP' 


MAX235EDG 
_40° C to +85°C 
24 Lead Ceramic' 


MAX235MDG 
-55°C to +125°C 
24 Lead Ceramic' 


PART 
TEMP. 
RANGE 
PACKAGE 


MAX236 
0.3" Wide 


MAX236CNG 
O°C to +70°C 
24 Lead Plastic DIP 


MAX236CWG 
O°C to +70°C 
24 Lead Wide 5.0. 


MAX236C/D 
O°C to +70°C 
Dice 


MAX236ENG 
-40°C 
to +85°C 
24 Lead Plastic DIP 


MAX236EWG 
-40°C 
to +85°C 
24 Lead Wide 50 


MAX236ERG 
-40°C 
to +85°C 
24 Lead CERDIP 


MAX236MRG 
-55°C 
to +125°C 
24 Lead CERDIP 


MAX237 
0.3" Wide 


MAX237CNG 
O°C to +70°C 
24 Lead Plastic DIP 


MAX237CWG 
O°C to +70°C 
24 Lead Wide 5.0 


MAX237C/D 
O°C to +70°C 
Dice 


MAX237ENG 
-40° C to +85° C 
24 Lead Plastic DIP 


MAX237EWG 
-40° C to +85° C 
24 Lead Wide 5.0. 


MAX237ERG 
-40° C to +85° C 
24 Lead CERDIP 


MAX237MRG 
-55°C 
to +125°C 
24 Lead CERDIP 


MAX238 
0.3" Wide 


MAX238CNG 
O°C to +70°C 
24 Lead Plastic DIP 


MAX238CWG 
O°C to +70°C 
24 Lead Wide 5.0. 


MAX238C/D 
O°C to +70°C 
Dice 


MAX238ENG 
_40° C to +85°C 
24 Lead Plastic DIP 


MAX238EWG 
_40° C to +85°C 
24 Lead Wide 5.0. 


MAX238ERG 
-40° C to +85°C 
24 Lead CERDIP 


MAX238MRG 
-55° C to +125°C 
24 Lead CERDIP 


MAX239 
0.3" Wide 


MAX239CNG 
O°C to +70°C 
24 Lead Plastic DIP 


MAX239CWG 
O°C to +70°C 
24 Lead Wide 5.0. 


MAX239C/D 
O°C to +70°C 
Dice 


MAX239ENG 
_40°C to +85° C 
24 Lead Plastic DIP 


MAX239EWG 
_40°C to +85° C 
24 Lead Wide 5.0 


MAX239ERG 
_40° C to +85° C 
24 Lead CERDIP 


MAX239MRG 
-55°C 
to +125°C 
24 Lead CERDIP 


MAX240 
Flalpak 


MAX240CMH 
O°C to +70°C 
44 Lead Flatpak 


MAX240EMH 
-40°C 
to +85°C 
44 Lead Flatpak 


MAX241 
0.3" Wide 


MAX241CWI 
O°C to +70°C 
28 Lead Wide 5.0. 


MAX241EWI 
-40° C to +85° C 
28 Lead Wide 5.0. 
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Table 1. Circuits 
Commonly 
Used for 
RS-232C 
and V.24 Asynchronous 
Interfaces 


PIN 
CIRCUIT 


1 
Protective Ground 
Connect to 
Earth Ground 


2 
Transmit Data (TD) 
Data from DTE 


3 
Receive Data (RD) 
Data from DCE 


4 
Request To Send (RTS) 
Handshake from DTE 


5 
Clear to Send (CTS) 
Handshake from DCE 


6 
Data Set ready (DSR) 
Handshake from DCE 


7 
Signal Ground 
Reference Point 
for Signals 


8 
Received Line 
Handshake from DCE 
Signal Detector 
(sometimes called 
Carrier Detect, DCD) 


11 
Printer Busy Signal 
Handshake from Printer 


20 
Data Terminal Ready 
Handshake from DTE 


22 
Ring Indicator 
Handshake from DCE 


Table 2. Summary 
of RS-232C 
and 
Y.28 Electrical 
Specifications 


PARAMETER 
SPECIFICATION 
COMMENTS 


Driver Output Voltage 
o level 
+5V to +15V 
With 3-7kO load 
1 level 
-5V to -15V 
With 3-7kO load 
Max. output 
±25V Max. 
No Load 


Receiver Input Thresholds 
(data and clock signals) 
o level 
+3V to +25V 
1 level 
-3V to -25V 


Receiver Thresholds 
RTS,DSR,DTR 
On level 
+3V to +25V 
Off level 
Open Circuit 
Detects Power 
or -3V to -25V 
Off Condition 
at Driver 


Receiver Input 
3kO to 7kO 
Resistance 


Driver Output Resistance, 


power off 
3000 Min. 
VOUT< ±2V 
condition 


Driver Slew Rate 
30Vll's Max. 
3kO < RL < 7kO; 
OpF< CL< 2500pF 


Signalling 
Rate 
Up to 20kbits/sec. 


50'/15 m. 
Longer cables 
Cable Length 
Recommended 
permissible, if 
Max. Length 
CLOAO:5 2500pF 


Notes: 
1. Shutdown 
pin 
of 
MAX234, 
MAX237, 
MAX238, 
MAX239, 


MAX240 and MAX241 are internally 
connected 
to ground. 


2. Connect 
substrate 
to V'. 


~III~JXI ~III 


+5V Powered Multi-Channel RS-232 


Drivers/Receivers 


___________ 
Features 


• 
Operate from a Single +5V Power Supply 


• 
On-Board DC-DC Converter 


• 
Low-Power 
Receive Mode in Shutdown 


• 
Meet All EIA-232D and V.28 Specifications 


• 
Multiple Drivers and Receivers 


• 
3-State Driver and Receiver Outputs 


• 
64kb/s Data Rate 


• 
25!-!ASupply Current in Shutdown 
Mode 


_______ 
General Description 


The MAX244-249 
are +5V enhanced, 
multiple-channel 


drivers/receivers 
ideal for EIA-232D and V.28N.24 
inter- 
faces. 
All devices feature on-board 
charge pumps that 
convert +5V to the ±10V needed to generate EIA-232D 
levels. The MAX244/248/249 
require four external 
1J.lF 
capacitors; the MAX245/246/247 operate with internal ca- 
pacitors to save board space and simplify designs. 
MAX244: 
Eight transmitters 
and ten receivers, 
with no 


controls. Requires four external1J.1F capacitors. 
MAX245: 
One transmitter enable input controls all eight 


transmitters 
outputs. Eight of ten receivers are controlled 
by one receiver enable input. The two remaining 
receiv- 
ers are always active in either low-power 
or full-speed 
receive mode. Requires no external capacitors. 


MAX246: 
Two sets of four transmitters and four receivers; 
each 
set is controlled 
by a separate 
control 
pin. Two 


addrtional 
receivers 
are always active 
in low-power 
or 
full-speed receive mode. Requires no external capacitors. 


MAX247: 
Separate transmitter enable inputs control two 


sets of four transmitters. 
Separate receiver enable inputs 


control two sets of four receivers. One additional receiver 
is always active in low-power or full-speed 
receive mode. 


Requires no external capacitors. 
MAX248: 
Separate transmitter enable inputs control two 
sets of four transmitters. 
Separate receiver enable inputs 
control two sets of four receivers. 
Requires four external 
1!-!Fcapacitors. 
MAX249: 
Separate transmitter enable inputs control two 
sets of three transmitters. 
Separate 
receiver enable 
in- 


puts control 
two sets of five 
receivers. 
Requires 
four 


external1!-!F capacitors. 
_________________________ 
Selection 
Table 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MAX244COH 
O"C to +70"C 
44 PLCC 


MAX244C/D 
O"C to +70"C 
Dice" 


MAX244EOH 
-40"C to +8S"C 
44 PLCC 


MAX24SCPL 
O"C to +70"C 
40 Plastic Dip 


MAX24SC/D 
O"Cto +70"C 
Dice" 


MAX24SEPL 
-40"C to +8S"C 
40 Plastic Dip 


MAX246CPL 
O"C to +70"C 
40 Plastic Dip 


MAX246C/D 
O"C to+70"C 
Dice" 


MAX246EPL 
-40"C to +8S"C 
40 Plastic Dip 


Ordering information 
continued 
on last page. 
" Contact factory for dice specifications. 


No. of RS-232 
No. of RS-232 
External 
Shutdown 
& 
Control Pins 
Pin- 
Device 
Three-State 
Drivers 
Receivers 
Capacitors 
Outputs 
Transmitter 
Enable 
Receiver Enable 
Package 


MAX244 
8 
10 
111F 
N 
None 
None 
44 PLCC 


MAX24S 
8 
10 
None 
Y 
ENT controls 
ENR controls 
8 Receivers, 
40 PDIP 
8 Transmitters 
2 Receivers always Active 


ENTA control 4 'A" Transmitters & 4 "A" Receivers 


MAX246 
8 
10 
None 
Y 
ENTB control 4 "B" Transmitters & 4 "B" Receivers, 
40 PDIP 
2 Receivers always Active 
-- 
ENRA controls 
4 "A" Re- 
ENTA controls 4 "A" 
ceivers, ENRB controls 4 
MAX247 
8 
9 
None 
Y 
Transmitters, ENTB con- 
40 PDIP 
trois 4 "B" Transmitters 
"B" Receivers, 
1 Receiver 
always Active 


ENTA controls 4 "A" 
ENRA controls 4 "A" Re- 


MAX248 
8 
8 
111F 
Y 
Transmitters, ENTB con- ceivers. ENRB controls 4 
44 PLCC 


trois 4 "B" Transmitters 
"B" Receivers 


ENTA controls 3 "A" 
ENRA controls 5 "A" Re- 
MAX249 
6 
10 
111F 
Y 
Transmitters, ENTB con- 
ceivers, ENRB controls 
5 
44 PLCC 


trois 3 "B" Transmitters 
"B" Receivers 


+SV Powered Multi-Channel RS-232 
Drivers/Receivers 


ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (Vee) 
Input Voltages 
TIN, ENA, ENS, ENR, ENT, ENRA, 


ENRS, ENTA, ENTB 
RIN. 
. 
. 


TOUT (Note 1) 
ROUT 
Short Circuit (1 output at a time) 
Tourto 
GND .. 


ROUT to GND . 


Continuous 
Power Dissipation 
(TA = +70°C) 
4O-Pin Plastic Dip (derate 11.11mWrC 
above +70°C) .. 611mW 


44-Pin PLCC (derate 1333mWrC 
above +70°C) 
... 
733mW 


Operating 
Temperature 
Ranges: 
MAX24 _ C _ _ 
O°C to +70°C 


MAX24 _ E _ _ 
_40°C to +85°C 


Storage Temperature 
Range 
-65°C to + 160°C 


Lead Temperature 
(soldering, 
10 sec) 
. 
. 
+300°C 


. -0.3V to (Vee +03V) 
t25V 
t15V 
.. -0.3V to (Vee +0.3V) 


Stresses 
beyond 
those listed under 
"Absolute 
Maximum 
Ratings· 
may cause 
permanent 
damage 
to the device 
These are stress 
ratmgs only, and functional 
operation 
of the device 
at these 
or any other conditions 
beyond 
those indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
ratmg conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL CHARACTERISTICS 


(Vee = +5.0V t10%, 
external capacitors 
C1-C4 = 1~F, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


RS-232 TRANSMITTERS 


Input Logic Threshold 
Low 
1.4 
0.8 
V 


Input Logic Threshold 
High 
2 
1.4 
V 


I Normal operation 
10 
50 
Logic Pull-Up/Input 
Current 
Tables2A-2C 
I Shutdown 
to.01 
t1 
~A 


Data Rate 
Tables 2A-2C, normal operation 
64 
kb/s 


Output Voltage Swing 
All transmitter 
outputs loaded with 3kn to GND 
t5 
t7.5 
V 
I 
to.01 
t25 


Output Leakage Current (Shutdown) 
Tables 2A-2C 
I 
+0.01 
t25 
~A 


Transmitter 
Output Resistance 
Vee = V+ = V- =OV, 
VOUT = t2V (Note 2) 
300 
10M 
n 


Output Short-Circuit 
Current 
VOUT = OV 
t7 
t30 
mA 


RS-232 RECEIVERS 


RS-232 Input Voltage Operating 
Range 
+25 
V 


RS-232 Input Threshold 
Low 
Vee = 5V 
0.8 
1.3 
V 


RS-232 Input Threshold 
High 
Vee = 5V 
1.8 
2.4 
V 


RS-232 Input Hysteresis 
Vee =5V 
02 
0.5 
1.0 
V 


RS-232 Input Resistance 
3 
5 
7 
kQ 


TIL/CMOS 
Output Voltage Low 
lOUT = 3.2mA 
02 
0.4 
V 


TIL/CMOS 
Output Voltage High 
lOUT = -1.0mA 
3.5 
Vee-0.2 
V 


TIL/CMOS 
Output Short-Circuit 
Current 
Sourcing 
VOUT = GND 
-2 
-10 


Sinking VOUT = Vee 
mA 


10 
30 


TIL/CMOS 
Output Leakage Current 
Normal operation, 
outputs disabled, 
to.05 
t10 
~A 
Tables 2A-2C, OV ~ VOUT ~ Vee 
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ELECTRICAL CHARACTERISTICS 
(continued) 


(Vcc = +5V ±1 0%, external capacitors 
C1-C4 = 1J.lF,TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


POWER SUPPLY AND CONTROL 
LOGIC 


Operating 
Supply Voltage 
45 
55 
V 


Vcc Supply Current 
No load 
11 
30 
mA 
(Normal Operation) 
3kn loads on all outputs 
57 


TA = +25"C 
8 
25 


Shutdown 
Supply Current 


TA = TMIN to TMAX 
50 


J.lA 


Leakage Current 
±1 
J.lA 


Control Input 
Threshold 
Low 
1.4 
08 
V 


Threshold 
High 
2.4 
1.4 


AC CHARACTERISTICS 


CL = 50pF to 2500pF, RL = 3kn to 7kQ, 
Transition 
Slew Rate 
Vcc = 5V, TA = +25"C, measured 
from +3V to 
5 
10 
30 
V/J.lS 


-3V or -3V to +3V 


Transmitter 
Propagation 
Delay 
tPHLT 
13 
35 


TIL to RS-232 (Normal Operation), 


tPLHT 
1.5 
3.5 


J.lS 


Figure 1 


Receiver Propagation 
Delay 
tPHLR 
06 
1.5 


RS-232 to TTL (Normal Operation), 
tPLHR 
0.6 
15 


J.lS 


Figure 2 


Receiver Propagation 
Delay 
tPHLS 
06 
10 


RS-232 to TTL (Low Power Mode), 
tPLHS 
3.0 
10 
J.lS 


Figure 2 


Transmitter 
+ to - Propagation 
Delay 
tPHLT - tPLHT 
350 
ns 
Difference 
(Normal Operation) 


Receiver 
+ to - Propagation 
Delay 
tPHLT - tPLHT 
350 
ns 
Difference 
(Normal Operation) 


Receiver-Output 
Enable Time, Figure 3 
tER 
100 
500 
ns 


Receiver-Output 
Disable Time, Figure 3 
tDR 
100 
500 
ns 


MAX246, 247, 248, 249 
5 
J.lS 


Transmitter 
Enable Time, Figure 4 
tET 
(excludes 
charge-pump 
startup) 


MAX245,247 
10 
ms 
(includes 
charge-pump 
startup) 


Transmitter 
Disable Time, Figure 3 
tDT 
100 
ns 


Note 1: 
Input voltage measured 
with transmitter 
output in a high-impedance 
state, shutdown, 
or Vcc = OV. 
Note 2: The 300n 
minimum specification 
complies 
with EIA-232D, but the actual resistance 
when in shutdown 
mode or VCC = 0 is 


10Ma as is implied by the leakage specification. 
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-- 
-- 
Ot'ERATION 
TRANSMITIERS 
RECEIVERS 


ENT 
ENR 
STATUS 
TA1·TA4 
TB1-TB4 
RA1-RA5 
RB1-RB5 


a 
a 
Normal Operation 
All Active 
All Active 
All Active 
All Active 


a 
1 
Normal Operation 
All Active 
All Active 
RA 1-RA4 3-State, 
RS 1-RS4 3-State, 


RA5Active 
RS5Active 


1 
a 
Shutdown 
Al13-State 
Al13-State 
All Low-Power 
All Low-Power 


Receive Mode 
Receive Mode 


RA 1-RA4 3-State, 
RS 1-RS4 3-State, 
1 
1 
Shutdown 
Al13-State 
Al13-State 
RA5 Low-Power 
RS5 Low-Power 


Receive Mode 
Receive Mode 


-- 
-- 
OPERATION 
TRANSMITIERS 
RECEIVERS 
ENA 
ENB 
STATUS 
TA1-TA4 
TB1-TB4 
RA1·RA5 
RB1-RB5 


a 
a 
Normal Operation 
All Active 
All Active 
All Active 
All Active 


a 
1 
Normal Operation 
All Active 
AlI3-State 
All Active 
RS 1-RS4 3-State 
RS5Active 


1 
a 
Shutdown 
AlI3-State 
All Active 
RA 1-RA4 3-State 
All Active 
RA5 Active 


RA 1-RA4 3-State 
RS l-RS4 3-State 
1 
1 
Shutdown 
AlI3-State 
AlI3-State 
RA5 Low-Power 
RS5 Low-Power 


Receive Mode 
Receive Mode 


+5V Powered Multi-Channel RS-232 


Drivers/Receivers 


TRANSMITTERS 
RECEIVERS 


-- 
-- 
-- 
-- 
OPERATION 
MAX247 
TA1-TA4 
TB1-TB4 
RA1·RA4 
RB1-RB5 
ENTA 
ENTB 
ENRA 
ENRB 
STATUS 
MAX248 
TA1-TA4 
TB1-TB4 
RA1-RA4 
RB1·RB4 


MAX249 
TA1-TA3 
TB1-TB3 
RA1·RA5 
RB1-RB5 


a 
a 
a 
a 
Normal Operation 
All Active 
All Active 
All Active 
All Active 


All 3-State, except 
RBS 


a 
a 
a 
1 
Normal Operation 
All Active 
All Active 
All Active 
stays Active on 
MAX247 


a 
a 
1 
a 
Normal Operation 
All Active 
All Active 
Al13-State 
All Active 


All 3-State, except 
RBS 


a 
a 
1 
1 
Normal Operation 
All Active 
All Active 
AlI3-State 
stays Active on 
MAX247 


a 
1 
a 
a 
Normal Operation 
All Active 
Al13-State 
All Active 
All Active 


All 3-State, except 
RBS 


a 
1 
a 
1 
Normal Operation 
All Active 
Al13-State 
All Active 
stays Active on 
MAX247 


a 
1 
1 
a 
Normal Operation 
All Active 
AlI3-State 
AlI3-State 
All Active 


All 3-State, except 
RBS 
a 
1 
1 
1 
Normal Operation 
All Active 
Al13-State 
Al13-State 
stays Active on 
MAX247 


1 
a 
a 
a 
Normal Operation 
Al13-State 
All Active 
All Active 
All Active 


All 3-State, except 
RBS 


1 
a 
a 
1 
Normal Operation 
Al13-State 
All Active 
All Active 
stays Active on 
MAX247 


1 
a 
1 
a 
Normal Operation 
Al13-State 
All Active 
AlI3-State 
All Active 


All 3-State, except 
RBS 


1 
a 
1 
1 
Normal Operation 
Al13-State 
All Active 
Al13-State 
stays Active on 
MAX247 


1 
1 
a 
a 
Shutdown 
AlI3-State 
AlI3-State 
Low-Power 
Low-Power Receive 


Receive Mode 
Mode 


Shutdown 
Low-Power 
All 3-State, except 
RBS 
1 
1 
a 
1 
AlI3-State 
Al13-State 
Receive Mode 
Low-Power Receive 
Mode on MAX247 


1 
1 
1 
a 
Shutdown 
Al13-State 
Al13-State 
AlI3-State 
Low-Power 
Receive 


Mode 


All 3-State, except 
RBS 


1 
1 
1 
1 
Shutdown 
AlI3-State 
Al13-State 
Al13-State 
stays Active on 
MAX247 
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MAX244-249 
TRANSMJnER 
OUTPUT 
VOLTAGE 


vs. LOAD CAPACITANCE 
AT 
DIFFERENT 
DATA RATES 


Vcc = 5V, WITH 8 TRANSMITIERS 
DRIVEN, 


lOADED 
WITH 5kn 


18 


16 


~ 
14 
~ 


10 


8 


6 


~ 
4 
~ 
2 


~ 
0 


~ 
-2 


~ 
-4 
::>o 
-6 


-8 


-10 
o 
5 
10 
15 
20 
25 
3D 
35 


lOAD 
CURRENT (mA) 


V+ AND V- lOADED 
rnH~V+OR 
V-lOADED 


Vcc = 5V 


All 
CHARGE-PUMP 


CAPACITORS 
l~F 
WITH 8 TRANSMITERS 
J~IVING 
5kQ 
AND 


OOOpFAT 20kb/s 


V+ AND V- lOADED 


V-lOADED 


V+ lOADED 


Vcc = 5V 


All 
POWER SUPPlY 
CAPACITORS 
l~F 


DATA RATE 40kb/s 


8 TRANSMITIERS 
lOADED3kQ 


2 


o 
0.5 
1 
1.5 
2 
2.5 
3 
35 
4 
4.5 
5 


lOAO CAPACITANCE 
(nF) 


______ 
Detailed 
Description 


The 
MAX244-MAX249 
contain 
four 
sections: 
dual 


charge-pump 
DC-DC voltage 
converters, 
RS-232 driv- 
ers, RS-232 receivers, 
and receiver and transmitter 
en- 


able control inputs. 


Dual Charge·Pump Voltage 
Converter 


The MAX244-MAX249 
have two internal charge-pumps 
that convert 
+5V to ±10V (unloaded) 
for RS-232 driver 


operation. The first converter uses capacitor C1 to double 
the +5V input to + 1OVon C3 at the V+ output. The second 
converter uses capacitor C2 to invert + 1OVto -1OVon C4 at 
the V- output. The equivalent circuit is shown in Figure 11. 


A small amount of power may be drawn from the + 1OV 
(V+) and -1OV(V-) outputs to power external circu itry (see 
Typical 
Operating 
Characteristics), 
except 
on the 
MAX245-MAX247, 
where these pins are not available. 
V+ and V- are not regulated, 
so the output voltage drops 


with increasing 
load current. 
Do not load V+ and V- to a 
point 
that violates 
the minimum 
±5V EIA-232D 
driver 
output voltage when sourcing 
current from V+ and V- to 
external circuitry. 


Charge-pump 
switches 
on 
the 
MAX244/ 
MAX248/MAX249 
are optimized 
for small, 
inexpen- 
sive 1~F capacitors. 
The MAX743 
DC-DC 
converter 
is 
recommended 
if more 
than 
±10V 
power 
is re- 


quired. 


RS·232 
Drivers 


The typical 
driver 
output 
voltage 
swing 
is ±8V when 
loaded with a nominal5kn 
RS-232 receiver and VCC = +5V. 


Output swing is guaranteed 
to meet the EIA-232D and 
V.28 specification, 
that 
calls 
for ±5V minimum 
driver 


output levels under worst-case conditions. These include 
a minimum 3kn load, VCC = +4.5V, and maximum oper- 
ating 
temperature. 
Unloaded 
driver 
output 
voltage 


ranges from (V+ -1.3V) to (V- +O.5V). 


Input thresholds 
are both TTL and CMOS compatible. 


The inputs of unused 
drivers 
can be left unconnected 
since 400kn 
input pull-up 
resistors to VCC are built-in. 


The pull-up resistors force the outputs of unused drivers 
low because 
all drivers invert. 
The internal input pull-up 


resistors 
typically 
source 
12~, 
except 
in shutdown 


mode where the pull-ups 
are disabled. 
Driver outputs 


turn off and enter a high-impedance 
state-where 
leak- 


age 
current 
is typically 
microamperes 
(maximum 
25~)-when 
in shutdown mode, in three-state mode, or 
when device 
power is removed. 
Outputs can be driven 
to ±15V. The power-supply 
current typically drops to 8~ 


in shutdown mode. 


The driver output slew rate is limited to less than 30V/~s 
as required 
by the EIA-232D 
and V.28 specifications. 


Typical 
slew 
rates 
are 24V/~s 
unloaded 
and 
10V/~s 


loaded with 3kn and 2500pF. 
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RS-232 Receivers 


EIA-232D and V.28 specifications 
define a voltage level 


greater than 3V as a logic 0, so all receivers invert. Input 
thresholds 
are set at 0.8V and 2.4V, so receivers respond 
to TIL level inputs as well as EIA-232D and V.28 levels. 


The receiver inputs withstand 
an input overvoltage 
up to 
±25V and provide input terminating resistors with nominal 
5kQ values. The receivers 
implement 
Type 1 interpreta- 


tion of the fault conditions 
of V.28 and EIA-232D. 


The receiver 
input 
hysteresis 
is typically 
0.5V with a 
guaranteed 
minimum of O.2V.This produces clear output 
transitions 
with 
slow-moving 
input 
signals, 
even with 
moderate 
amounts 
of noise and ringing. 
The receiver 


propagation 
delay is typically 600ns and is independent 


of input swing direction. 


Receiver and Transmitter 
Enable Control Inputs 


The MAX245-249 feature transmitter and receiver enable 
controls. 


The receivers have three modes of operation: full-speed 
receive (normal active), three-state 
(disabled), 
and low- 


power receive (enabled 
receivers continue to function at 


lower data rates). The receiver enable inputs control the 
full-speed 
receive and three-state 
modes. The transmit- 


ters have two modes 
of operation: 
full-speed 
transmit 


(normal active) and three-state 
(disabled). 
The transmit- 
ter enable inputs also control the shutdown 
mode. The 


device enters shutdown 
mode when all transmitters 
are 


disabled. 
Enabled 
receivers 
function 
in the low-power 
receive mode when in shutdown. 


Tables 1A-1C define the control states. The MAX244 has 
no control pins and is not included 
in these tables. 


The MAX245 provides ten receivers and eight drivers with 
separate 
receiver 
and transmitter 
enable 
controls. 
The 


charge pumps turn off and the device shuts down when 
a logic high is applied to the ENT input. In this state, the 
supply current drops to less than 25!J.Aand the receivers 
continue to operate in a low-power receive mode. Driver 
outputs 
enter 
a high-impedance 
state 
(three-state 
mode). ~ht 
of the receiver 
outputs 
are controlled 
by the ENR input, 
while the remaining 
two receivers 


(RA5 
and 
RB5) 
are 
always 
active. 
RA1-RA4 
and 
RB1-RB4 
are put in a three-state 
mode when ENR is 


a logic 
high. 


The MAX246 has ten receivers and eight drivers with two 
control pins, each controlling 
one side of the device. 
A 
logic high at the A-side control input (ENA) causes the 
four A-side receivers and drivers to go into a three-state 


mode. 
Similarly, the B-side control input (ENB) causes 


the four B-side drivers and receivers 
to go into a three- 
state mode. 
As in the MAX245, one A-side 
and one 


B-side receiver (RA5 and RB5) remain active at all times. 
The entire device is put into shutdown 
mode when both 
the A and B sides are disabled, 
(ENA = ENB = +5V). 


The MAX247 provides 
nine receivers 
and eight drivers 


with four control 
pins. 
The ENRA and ENRB receiver 


enable 
inputs each 
control 
four receiver 
outputs. 
The 


ENTA and ENTB transmitter 
enable inputs each control 


four drivers. 
The ninth receiver 
(RB5) is always active. 


The device enters shutdown 
mode with a logic high on 


both ENTA and ENTB. 


The MAX248 provides 
eight receivers 
an~ht 
drivers 


with four control 
pins. 
The ENRA and ENRB receiver 


enable 
inputs each control 
four receiver 
outputs. 
The 


ENTA 
and ENTB transmitter 
enable 
inputs control four 


drivers each. 
This part does not have an always-active 


receiver. 
The device enters shutdown 
mode and trans- 
mitte~into 
a three-state 
mode with a logic high on 


both ENTA and ENTB. 


The MAX249 
provides 
ten receivers 
and six drivers 


with four control 
pins. The ENRA and ENRB receiver 


enable 
inputs each control 
five receiver 
outputs. 
The 


ENT A and 
ENTB 
transmitter 
enable 
inputs 
control 


three 
drivers 
each. 
There 
is no always-active 
re- 


ceiver. 
The 
device 
enters 
shutdown 
mode 
and 


transmitters 
go into a three-state 
mode 
with a logic 


high 
on both 
ENTA and 
ENTB. 
In shutdown 
mode, 


active 
receivers 
operate 
in a low-power 
receive 


mode 
at data rates less than 20kb/s. 


____ 
Applications Information 


Figures 5-10 show typical operating circuits. 
VCC should 


be decoupled 
to ground 
with a capacitor 
of the same 
value as C1 and C2, and connected 
as close as possible 


to the device in applications 
that are sensitive to power- 


supply noise. RS-232 receivers and drivers on all devices 
invert. 


L.ow-Power Receive Mode 


The low-power 
receive-mode 
feature 
puts the IC into 


shutdown 
mode, but still allows it to receive information 


at a slower 
(20kb/s) 
data 
rate. This 
is important 
for 


applications 
where systems are periodically 
awakened 


to look for activity. 
Using low-power 
receive mode, the 


system can still receive 
a signal that will activate 
it on 


command 
and prepare 
it for communication 
at faster 


data rates (64kb/s max). This operation 
conserves 
sys- 


tem power. 
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1__ov~/ 


_OU_TP_U_T 
/~· 
----··-···-··-···-;·-·~E~i 
-...-..-..-... ~~ 


EN~XOUTlk 


Rx IN 
Rx 
Vcc ·2V 


A. TEST CIRCUIT 
150pF 


ENINPUT 
~3V 
~ 
: 
OV 
_ 
EN 


-..; 
:-- 
OUTPUT ENABLE TIME (IER) 
---R:' 
..-'-.-- 
+3.5V 


RECEIVER 
:: 
OUTPUTS 
:: 


:--. 
: 
--. 
+O.8V 


8. ENABLE TIMING 
:: 


+3V 


nv I~------ 
EN 


ENINPUT 
~ 


-+: 
:.- 
OUTPUT DISABLE TIME (toR) 


_IN_PU_T_O_V'~/ 
.... --. 
50% 
\------ 
50% 


--\. 
-- 
50% 
.E 
Vcc 


------.,...., 
.. ;... 
GND 


~ 
OV 
1-- 


V+ 
~.: 
~ .•....•. 
"' 
• 


,~ 
V· 
--~~ 


10RO~ 
13k I SOpF 
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tSV 
E 


l~FI 
1~I 


~ 
20 


Vcc 
22 
•• 
tSV TO t10V 
VOLTAGE 
DOUBLER 
Vt 


~ 


l~F' 


26 


V- 
~ 
1~F 


TBloUT 
44= 


~ 


1S 
TA11N 
TB'IN 
30 
~ 


2 
TA20UT 
tSV 
tSV 
TB20UT 
43 


~ 
RB41N 
400k 


RB31N 
16 
TA2IN 
TB21N 
29 
~ 
RB21N 
~ 


TA30UT 
tSV 
tSV 
TB30UT 
42 
RB11N 


RB,oUT 
400k 


~ 


17 
TA3IN 
TB3IN 
28 


RB20UT 


~ 


RBJOUT 


4 
TMoUT 
tSV 
tSV 
Ta<oUT 
41 
Ra<oUT 


RasQUT 


400k 


~ 
31 
18 
TMIN 
Ta<IN 
27 


TB11N 


~ 


TB2IN 


RA,IN 
Ra11N 
36 


Sk 
Sk 
CD 


10 
RA,oUT 
RB,oUT 
3S 


8 
RA2IN 
RB2IN 
37 


Sk 
Sk 


11 
RA20UT 
RB20UT 
34 


7 
RA3IN 
RB31N 
38 


Sk 
Sk 


12 
RA30UT 
RB30UT 
33 


RMIN 
RB41N 
39 


Sk 
Sk 


13 
RMoUT 
RB40UT 
32 


S 
RASIN 
RBSIN 
40 


Sk 
Sk 


14 
RASoUT 
RasQUT 
31 


RA,oUT 


RA2QUT 
11 


RA30UT 


RMoUT 


RASOUT 


TAl IN 


TA2IN 


TA3IN 


MAX244 Functional 
Description 


10 Receivers Always Active 
5 A-Side Receivers 
5 B-Side Receivers 


8 Transmitters 
4 A-Side Transmitters 
4 B-Side Transmitters 


No Control Pins 
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l~FI 


-= 
40 


Vcc 


TB10UT 
24 


TBllN 
38 


TIl20UT 
23 


TB21N 
37 


TBJOUT 
22 


TB31N 
36 


TB40UT 
21 


TB41N 
35 


ENT 
39 


RBllN 
29 


ROUT 
30 


RB21N 
28 


5k 


RB20UT 
31 


RB3IN 
27 


RB30UT 
32 


RB41N 
26 


RB40UT 
33 


RB5IN 
25 


RB50UT 
34 


ENT 


TBllN 


TB21N 


TB3IN 


TB4IN 


RB50UT 


5 
TA4IN 


1 
ENR 


11 
RAllN 


RB2IN 


RB3IN 


RB4IN 


RBSIN 


TB10UT 


TIl20UT 


TB30UT 


2' 
TB40UT 


10 
RA,OUT 


12 
RA2IN 


MAX245 Functional 
Description 


10 Receivers 


5 A-Side Receivers (RA5 always active) 
5 B-Side Receivers (RB5 always active) 


8 Transmitters 
4 A-Side Transmitters 
4 B-Side Transmitters 


2 Control Pins 
1 Receiver Enable (ENBL 
1 Transmitter 
Enable (ENT) 


7 
RA40UT 


15 
RASIN 
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RB,OUT 


RBllN 


RB21N 


RBllN 


RB41N 


RBSIN 


TBlOUT 


TB20UT 


TBJOUT 


E 


+5V 


~ 
1~F:J 


40 
~ 
Vcc 


~ 
16 
TA,OUT 
+5V 
TBlOUT 
24 


400k 
~ 
2 
TA,IN 
TBllN 
38 


~ 
17 
TA20UT 
TB20UT 
23 


~ 
3 
TA2IN 
TB21N 
37 


~ 
18 
TAJOUT 
TBJOUT 
22 


~ 
4 
TAJIN 
TB~N 
36 


~ 
19 
TA40UT 
TB40UT 
21 
~ 
5 
TA~N 
TB41N 
35 


1 
ENA 
ENS 
.9 
~ 


11 
RAllN 
RBllN 
29 


~ 
5k 


10 
RAlOUT 
RBlOUT 
30 
CD 


12 
RA2IN 
RB21N 
28 


5k 


RA20UT 
RB20UT 
31 


13 
RAJIN 
RBllN 
27 


5k 


RAJOUT 
RBlOUT 
32 


14 
RA41N 
Rfl.4IN 
26 


5k 


7 
RA40UT 
RB40UT 
33 


15 
RASIN 
RBSIN 
25 


RA5QUT 
RBsOUT 
34 


MAX246 Functional 
Description 


10 Receivers 
5 A-Side Receivers (RA5 always active) 
5 B-Side Receivers (RS5 always active) 


8 Transmitters 
4 A-Side Transmitters 
4 B-Side Transmitters 


2 Control Pins 
Enable A-Side (ENA) 
Enable B-Side (ENB) 
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t5V 


1 
ENTA 


16 
TA10UT 
TB10UT 


2 
TA11N 
TBlIN 
38 


17 
TA2QUT 
TB20UT 
23 


3 
TA2IN 
TB21N 
37 


18 
TAJOUT 
T830UT 
22 


4 
TAJIN 
TB31N 
36 


19 
TA.OUT 
TB.OUT 
21 


TMIN 
TB.IN 
35 


6 
RBSOUT 
RBSIN 
25 


12 
RA11N 
RB11N 
29 


5k 
5k 


10 
RB10UT 
31 


13 
RA2IN 
RB21N 
28 


5k 
5k 


9 
RA20UT 
RB20UT 
32 


14 
RAJIN 
RB31N 
27 


5k 
5k 


8 
RAJOUT 
R830UT 
33 


15 
RA.IN 
RB4IN 
26 


5k 
5k 


7 
RA.OUT 
RB40UT 
34 


11 
ENRA 
ENRB 
30 


GNO 


20 


ENRB 


RB11N 


RB21N 


RB31N 


RB4IN 


RBSIN 


TB10UT 


TB20UT 


TBJOUT 


21 
TB40UT 


MAX247 Functional 
Description 


9 Receivers 


4 A-Side Receivers 
5 B-Side Receivers (RB5 always active) 


8 Transmitters 


4 A-Side Transmitters 
4 B-Side Transmitters 


4 Control Pins 


Enable Receiver A-Side (ENRA) 
Enable Receiver B-Side (ENRB) 
Enable Transmitter A-Side (ENTA) 
Enable Transmitter 
B-Side (ENTB) 
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ENRA 
9 


RA10UT 


RA20UT 
11 


RA30UT 


RA40UT 


TAllN 


TA2IN 


TA3IN 


TA4IN 


RS31N 


RS21N 


RsllN 


ENRB 


RS10UT 


RS20UT 


RS30UT 


Rs,OUT 


31 
TSllN 


TS21N 


TS31N 


+5V 
E 


1~FI 
1~f 
~ 
21 
= 20 


l~F 
• 
C1+ 
Vcc 
V+ 
22 
~ 
23 
C1- 
+SV TO +10VVOLTAGE 
OOUBLER 


~ 


24 


C2+ 
V- 
26 


1~F' 
25 
C2- 
+ 10V TO -10VVOLTAGE 
INVERTER 
1~FI+ 


~ 
18 
ENTA 
ENTB 
27 


1 
TAl OUT 
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MAX248 Functional 
Description 


8 Receivers 
4 A-Side Receivers 
4 B-Side Receivers 


8 Transmitters 
4 A-Side Transmitters 
4 B-Side Transmitters 


4 Control Pins 
Enable Receiver A-Side (ENRA) 
Enable Receiver B-Side (ENRB) 
Enable Transmitter A-Side (ENTA) 
Enable Transmitter 
B-Side (ENTB) 
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MAX249 Functional 
Description 
12 
RAJOUT 
RB30UT 
33 


10 Receivers 
5 
RA41N 
RB4IN 
40 
5 A-Side Receivers 
5 B-Side Receivers 


6 Transmitters 
13 
RB40UT 
32 


3 A-Side Transmitters 
4 
RAsIN 
RBSIN 
41 


3 B-Side Transmitters 


4 Control Pins 
14 
RAsOUT 
ResOUT 
31 


Enable Receiver A-Side (ENRA) 
Enable Receiver B-Side (ENRB) 
ENRA 
ENRB 
36 


Enable Transmitter 
A-Side (ENTA) 
GNO 


Enable Transmitter 
B-Side (ENTB) 
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_Ordering 
Information (continued) 
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CiS 


~ 
~ 


~ 
US 


~ 
' Contact factory for dice specifications. 


itS 


~ 
~ 
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PART 
TEMP. RANGE 
PIN-PACKAGE 


MAX247CPL 
O'C to +70'C 
40 Plastic Dip 


MAX247C/D 
O'Cto 
+70'C 
Dice' 


MAX247EPL 
-40'C to +8S'C 
40 Plastic Dip 


MAX248COH 
O'C to +70'C 
44 PLCC 


MAX248C/D 
O'C to +70'C 
Dice' 


MAX248EOH 
-40'C to +8S'C 
44 PLCC 


MAX249COH 
O'C to +70'C 
44 PLCC 


MAX249EOH 
-40'C to +8S'C 
44PLCC 


~I'I~JXI~I'I 
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_______ 
General Description 


The MAX250 and MAX251 chip set form the heart of a 
complete, 
electrically 
isolated, 
RS-232 
dual 
transmit- 
ter/receiver. 
By combining 
many functions on two chips, 
the cost and complexity 
required 
for an isolated digital 
interface is greatly reduced. 
Four low cost optocouplers, 
four capacitors, 
a diode and a small pot-core type trans- 


former are all that are required to complete 
a 19.2k baud 
transceiver. 
Faster data rates are possible by using high 
speed optocouplers. 
In addition to the driving and receiv- 


ing circuitry for the optocouplers, 
the chip set includes a 
push-pull 
transformer 
driver 
to supply 
power 
to the 
interface's 
isolated side. 


Other convenient 
features include single +5V operation, 
a low power shutdown 
mode, and output enable control 
for three-state 
operation. 
The MAX250 and MAX251 are 
supplied 
in 14 lead DIP, 14 lead small outline and 20 
lead less chip carrier packages. 


The MAX252 has all the required components 
for RS-232 
communication 
in a single package. 


High Noise Data Communications 


Industrial Communications 


Data Links To Analog Circuits 


Bridge Ground Differentials 


• 
Isolated Data Interface 


• 
Single +5V Supply 


• 
Uses Low Cost Optocouplers 


• 
5~W Low Power Shutdown 


• 2 Transmitters 
and 2 Receivers 


PART 
TEMP. RANGE 
PACKAGE' 


MAX2S0CPD 
O'Cto 
+70'C 
14 Lead Plastic DIP 


MAX2S0CSD 
O'C to +70'C 
14 Lead SO 


MAX2S0C/D 
O'C to +70'C 
Dice 


MAX2S0EPD 
-40'C to +8S'C 
14 Lead Plastic DIP 


MAX2S0ESD 
-40'C to +8S'C 
14 Lead SO 


MAX2S0EJD 
-40'C to +8S'C 
14 Lead CERDIP 


MAX2S0MJD 
-SS'C to +125C 
14 Lead CERDIP 


MAX2S0MLP 
-SS'C to +125C 
20 Lead LCC 


MAX2S1CPD 
O'C to +70'C 
14 Lead Plastic DIP 


MAX2S1CSD 
O'C to +70'C 
14 Lead SO 


MAX2S1C/D 
O'C to +70'C 
Dice 


MAX2S1EPD 
-40'C to +8S'C 
14 Lead Plastic DIP 


MAX2S1ESD 
-40'C to +8S'C 
14 Lead SO 


MAX2S1EJD 
-40'C to +8S'C 
14 Lead CERDIP 


MAX2S1MJD 
-SS'C to +125C 
14 Lead CERDIP 


MAX2S1MLP 
-SS'C to +125C 
20 Lead LCC 


• 
• 


SHON 
AC 


01 
v+ 


TlLOR 
TlOIN 


TlIN 
T20lN 


T21N 
R1LOR 


T2LDR 
R1DUT 
R2LDR 
R21N 


GNO 
EN 
BYP 
RTRI 


o~~~~ 
;~~HE]::::~ 
N.C. 6 
MAX250 
16 N.C . 


T21N 7 
15 R10~ 


T2LOR 8 
14 R10UT 


0> 
0 
"....C'.I 
<:"') 


T""" 
".... 
..- 
.•••• 


~ 
0 
z 
Z 
<.0 


TlOIN 
4 


T2DiN 5 


N.C. 6 


R1LOR 7 


R2LOR B h::l 
L:J 


18 TlOUT 


17 T20lN 


16 N.C. 


15 R11N 


14 R2IN 
~ ;:~~ 


~~~~~ 
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Supply Voltage, Vcc. 
.. .. . .. . . ..•.•. 
.6V 
Input Voltages 
..... 
-0.3V to (Vcc +0.3V) 
Output Drive Current, 01, 02 
. 240mA 
Output Drive Voltage, 
Dl, D2 
Vcc + 6V 
Opto Driver pins Tll0R, T2LDR,RloUT and R20UT may be 
shorted one at a time indefinitely 
to Vcc or GND 


Power Dissipation 
Plastic 
DIP (derate 
7mWrC 
above 
70'C) 
. 
. 
37SmW 
CERDIP 
(derate 
9.SmWrC 
above 
70'C) 
67SmW 
Small Outline 
(derate 
7mWrC 
above 
70'C) 
. 
. 37SmW 


LCC (derate 
7mWrC 
above 
70'C) 
... .. 
37SmW 


Lead Temperature 
(Soldering, 
10 seconds) 
+300'C 
Storage Temperature 
-6S'Cto 
+160'C 


Stresses above those listed under -Absolute Maximum 
Ratings· may cause permanent 
damage 
to the device. 
These are stress ratings only and functional 
operation 
of the device 
at these or any other conditions 
above 
those indicated 
in the operational 
section 
of the specification 
is not implied. 
Exposure 
to absolute 


maximum 
fating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL CHARACTERISTICS: 
MAX250 


(Vcc = SV ±10%, TA = Full Temperature 
Range unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Supply Voltage Range 
Vcc 
Over Temp. 
4.5 
5.5 
V 


Operating 
Supply Current 
Icc 
Dl, 
D2 Open 
01 
0.5 
mA 


Shutdown 
Ics 
Shutdown 
TA = -4Q'C to +8S'C 
1 
10 
IlA 
Supply Current 
TA= -SS'C to + 12S'C 
100 


Input Currents 
IEN,ISHON 
Input = GND to Vcc 
0.001 
1 
IlA 


POWER DRIVER 01, 02 


Switch Frequency 
fOl.02 
Vcc = SV, TA = 2S'C 
100 
200 
275 
kHz 


ON Resistance 
rOS(ON) 
At 25 mA 
25 
50 
Q 
Power Driver 


Leakage Current 
10 
IlA 


Zener Clamp Voltage 
VCl 
w. r. t. Vcc 
6 
8 
10 
V 


DRIVER SECTION 


Pull-up Current 
Ip 
Vcc = SV, V,N = OV, 
2 
3 
6 
IlA 
Input source 
TA = 2S'C 


Current 
Is 
VOUT= 1.4V, TA = 2S'C 
-5 
-8 
-15 
mA 
Output Source 


TIL/CMOS 
Output 
VOL 
lOUT= 3.2mA 
0.4 
V 
Voltage Low 


TIUCMOS 
Output 
VOH 
lOUT= -1 .0mA 
2.4 
V 
Voltage High 


Input Logic 
V,H 
T,N, ROIN,EN, Shutdown 
18 
2.4 
V 
Threshold 
High 


Input Logic 
V'l 
T,N, ROIN,EN, Shutdown 
0.8 
1.3 
V 
Threshold 
Low 


Input Hysteresis 
V,HYS 
0.5 
V 


Leakage Current 
Il 
(EN or Shutdown) 
= Vcc 
10 
IlA 
Input and Output 


Input Capacitance 
C,N 
5 
pF 


+SV Powered 


Isolated RS·232 Drivers/Receivers 


ABSOLUTE MAXIMUM RATINGS: 
MAX251 


Diode Forward Current (AC to v+) 
. .. 250mA 


Reverse Diode Voltage 
-28V 


Power Dissipation 
Plastic 
DIP (derate 
7mWrC above 
70·C) 
375mW 


CERDIP 
(derate 9.5mWrC above 
70·C) 
675mW 


Small Outline 
(derate 
7mWrC above 
70·C) 
375mW 


LCC (derate 7mWrC above 
70·C) 
375mW 


Lead Temperature 
(Soldering, 
10 seconds) 
+300"C 


Storage Temperature 
-65·C to + 160·C 


Positive Input Voltage, AC terminal 
15V 
Positive Input Voltage, V+ terminal 
14V 
Negative 
Input Voltage, V' terminal 
-14V 
RS-232 Input Voltage 
, 
-30V to 30V 
RS-232 Applied 
Output Voltage 
-15V to 15V 
Tristate Input Voltage, VRTRI. 
. .. -0.3V to (v+ + 0.3V) 
RS-232 Transmitters 
may be indefinitely 
shorted to GND 
Opto Driver pins R1LOR,R2LDRmay be shorted one at a time 
indefinitely to GND 


Stresses above those listed under "Absolute Maximum 
Ratings· may cause permanent 
damage 
to the device. 
These are stress ratings only and functional 


operation 
of the device 
at these or any other conditions 
above 
those indicated 
in the operational 
section 
of the specification 
is not implied. 
Exposure 
to absolute 


maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL CHARACTERISTICS: 
MAX251 


(Test Circuit 
1, See Figure 3, TA = Full Temperature 
Range unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Positive Supply Current 
1+ 
RL= ~ 
0.7 
25 
mA 


Negative 
Supply Current 
I' 
RL== 
QO 
0.45 
1.0 
mA 


RS·232 CHARACTERISTICS 


RS-232 Output 
Tvs 
All Transmitter 
Outputs 
±5 
±7.2 
V 
Voltage Swing 
loaded with 3kO to Ground 


RS-232 Output 
TOL 


V+=V-=OV 
-10 
+10 
J1A 
Leakage 
Current 
TOUT= ±15V 


RS-232 Input Threshold 
High 
V,H 
1.8 
30 
V 


RS-232 Input Threshold 
Low 
V'L 
06 
1.2 
V 


RS-232 Input Hysteresis 
V,HYS 
0.6 
V 


RS-232 Input Resistance 
TA = 25·C 
3 
7 
kn 


3-State Enable 
tEN 
3.5 
IlS 


3-State Disable 
tos 
1.0 
IlS 


Transmitter 
Slew Rate 
RL= 3kO, CL = 2500pF 
3 
V/lls 


OPTOINTERFACE 
CHARACTERISTICS 


Input Pull-up Current 
Ip 
TA = 25"C 
2.5 
4 
6 
IlA 


Input Pull-up Voltage Clamp 
VPCL 
w. r. l. ISO GND 
3 
V 


Input Threshold 
Voltage High 
V,H 
1.5 
2 
V 


Input Threshold 
Voltage Low 
V'L 
08 
1.2 
V 


Input Hysteresis 
Voltage 
V,HYS 
0.3 
V 
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ELECTRICAL CHARACTERISTICS: 
MAX251 (continued) 


(Test Circuit 
1, See Figure 3, TA: 
Full Temperature 
Range unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Output Source Current 
IpH 
VOUT: 
1.4V, TA: 
25·C 
-12 
-7 
-5 
mA 


Output Voltage Low 
VOL 
lOUT: 3.2mA 
0.4 
V 


Output Leakage 
IL 
(RTRI or Shutdown) 
: +5V 
10 
I1A 
Current, R1LOR,R2LOR 


3-STATE CONTROL 


Pulldown Current 
ITPD 
V: 
GND 
10 
4 
1 
I1A 


Threshold Voltage 
VT 
0.6 
1.4 
2 
V 


MAX251 Y· SUPPLY 
YOLTAGEvs. 
LOAD CURRENT 


MAX251 TRANSMITTER 
SLEW RATE 
vs. LOAD CAPACITANCE 


~12 
~ 
~ 
10 
~ 


~ 
8 


'"'"~ 
6 


:;; 


~ 
4 
I 


~ 
2 
_RL= 3kn, Vcc = 5.0V 
SCHOTT 
TRANSFORMER 
167114760 


MAX251 V" SUPPLY 
YOLTAGEvs. 


LOAD CURRENT 


-11 


-'0 


-9 


~ 


-8 


>- 


-7 


-6 


-5 
CIRCUIT 
OF FIG. 3, 
SCHOTT 


TRANSFORMER 
167114760 
-. 


-'0 
-20 
-30 
-'0 
-50 


V OUTPUT 
CURRENT 
(mAl 


MAX250 PROPAGATION 
DELAY vs. TEMPERATURE 


f--r-tcc 145J 
/ 
/' 


;/ V 


..... 
V 
-I-" 


MAX251 Y BYPASS 
vs. LOAD 


~ 
V> 
~ 
3 


'"> 
2 


5200 
~ 
~150 


MAX251 PROPAGATION 
DELAYvs. 
TEMPERATURE 


-;;;-2 
3 
>- 


~ 
1.5 


C>zo 


~ 
1 


~~ 
0... 
0.5 


o 


-SO -25 
0 
25 
SO 
75 
100 125 
TEMPERATURE 
eCI 
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MAX251 TRANSMITTER 
SLEW RATE 
Y5. TEMPERATURE 


18 


16 


14 


~ 
12 


~ 
10 
~ 
8 
~ 
'" 6 


4 
Vcc = 4.5V 


2 
o 
-55 -25 
0 
25 
50 
75 
100 125 


TEMPERATURE 
eCl 


POWER UP DELAY FROM 
MAX250 Vcc TO MAX251 
TRANSMITTER 
OUTPUTS 


I 
I 
Jcc 
I 


v' 
AND v-lAPS 
= 1~f 
BYP CAP = 4.7~F 


TOUTLOAO = 5kn 
I 
I 
I 
I 


> 
0 
15 
~ 
5 


MAX250 01, 02 
SWITCH FREQUENCY 
Y5. TEMPERATURE 


o 
-55 -25 
0 
25 
50 
75 100 125 


TEMPERATURE 
eC) 


TIME FROM SHUTDOWN 
TO POWER UP 


5V 
Vcc = 5V 
T OUTLOAO= 5k 
- 


OV 
SHUTDOWN 


v· ,,' 
/, 


v •••.•• 


MAX250 ENABLE, 
DISABLE TIME 
Y5. TEMPERATURE 


> 
5 


~ 
0 


~150 
::;; 
>= 


o 
-55 -25 
0 
25 
50 
75 100 125 


TEMPERATURE 
CC) 


RTRI DELAY TIME 
TO RECEIVER 
OUTPUT ACTIVE 
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MAX250 
MAX250 


LCC 
DIP&SO 
SYMBOL 
DESCRIPTION 


PIN# 
PIN# 


1 
N.C. 


2 
1 
SHDN 
Shutdown: 
When+5V, turns 
off the oscillator, 
disconnects 
driver input pull-up resistors 
and opens D1, D2. For normal 
operation, 
ground shutdown. 


3 
2 
D1 
Open Drain ofTransformer 
Driver MOSFET 


4 
3 
T1LOR 
Transmitter 
#1 LED Driver 


5 
4 
T1'N 
TTL/CMOS Transmitter 
#1 


Input 


6 
- 
N.C. 


7 
5 
T2'N 
TTUCMOS Transmitter 
#2 


Input 


8 
6 
T2LOR 
Transmitter 
#2 LED Driver 


9 
N.C. 


10 
7 
GND 
Ground 


11 
N.C. 


12 
8 
EN 
Output Enable: When +5V, 
Pins T1LOR,T2LOR, 
R10UTand R20UTgo Hi 
impedance 


13 
N.C. 


14 
9 
R10UT 
TTL/CMOS Receiver #1 
Output 


15 
10 
R10lN 
Receiver #1 Detector 
Input 


16 
N.C. 


17 
11 
R20lN 
Receiver #2 Detector 
Input 


18 
12 
R20UT 
TTUCMOS 
Receiver #2 
Output 


19 
13 
D2 
Open Drain of Transformer 
Driver MOSFET 


20 
14 
Vcc 
+5V Positive Supply Voltage 


MAX251 
MAX251 
LCC 
DIP&SO 
SYMBOL 
DESCRIPTION 


PIN# 
PIN# 


1 
N.C. 


2 
1 
AC 
Anode of Input Power Supply 
Diode 


3 
2 
V+ 
Positive Supply Output 
Terminal 


4 
3 
T10lN 
Transmitter 
#1 Detector 
Input 


5 
4 
T20lN 
Transmitter 
#2 Detector 


Input 


6 
- 
N.C. 


7 
5 
R1LOR 
Receiver #1 LED Driver 


8 
6 
R2LOR 
Receiver #2 LED Driver 


9 
N.C. 


10 
7 
BYP 
Internal Vcc Bypass Point 


11 
N.C. 


12 
8 
RTRI 
Receiver Output 3-State: 
When +5V, Receiver Outputs 
go Hi impedance 


13 
N.C. 


14 
9 
R21N 
RS-232 Receiver #2 Input 


15 
10 
R1'N 
RS-232 Receiver #1 Input 


16 
- 
N.C. 


17 
11 
T20UT 
RS-232 Transmitter 
#2 
Output 


18 
12 
T10UT 
RS-232 Transmitter 
#1 
Output 


19 
13 
V' 
Negative 
Supply Output 
Voltage 


20 
14 
ISOGND 
Isolated Ground 
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Typical Applications 


Figure 3 shows the typical 
connection 
for a complete 
19.2k baud isolated RS-232 circuit. Figure 3 also shows 
how 
4N26 
optocouplers 
can 
be replaced 
by 6N136 
devices to achieve 90k baud rates. 


A recommended 
printed circuit board layout is shown in 
Figure 4. This may be modified for individual 
designs but 


two important factors should be considered. 
1.) To max- 


imize isolation, the 'isolation 
line' through 
the center of 


Figure 4 should not be breached. 
Connections 
and com- 
ponents from one side should not be located near those 
of the other side. 2.) Since the optocoupler 
outputs are 
relatively high impedance 
nodes, they should be located 
as close as possible 
to the MAX250 and MAX251. This 


minimizes stray capacitance 
and maximizes data rate. 


When the MAX250's 
shutdown 
input (SHON) is taken 
high, power is removed from the MAX251, and the RS-232 
transmitter outputs (T10uT, T20uT) go to high impedance 
states. 
Timing 
plots 
in the Typical 
Operating 
Charac- 
teristics section show the turn-on and enable delays for 
various control functions. 


The circuit in Figure 4 has been laid out so that it can be 
used for either a one or two sided PC board. The lines 
that are thick from one IC pad to the next IC pad are on 
the bottom side. Lines that are broken by a thin line can 


v- 
13 


v+ 
2 


14 


either go on the top side of the board or on the bottom 
side with jumpers where the thin lines appear. At no time 
should 
any lines cross the middle 
of the board 
at the 


isolation barrier. 


The MAX250 and MAX251 have a logic inversion in the 
optocoupler 
when using the standard 
configuration. 
For 


applications 
where no inversion is required, or more LED 


drive current is needed, Figure 5 shows the output struc- 
ture of the LOR output. 
The LOR output 
can typically 


source 7mA and sink 25mA. Because of the higher sink- 
ing capability, 
a current limiting resistor is required. 


_________ 
Detailed Description 


The 
MAX250 
and 
MAX251, 
together 
with 
four 
op- 


tocouplers 
and 
a transformer, 
form 
an isolated 
dual 


RS-232 transmitter 
and 
receiver 
(See Figure 
3). The 


MAX250 connects to the non-isolated or "logic" side of the 
interface, 
translating 
logic signals to and from the op- 


tocouplers, 
while the MAX251 resides on the isolated or 


'cable' 
side, translating 
data between the optocouplers 


and RS-232 line drivers and receivers. 
In addition to the 


optocoupler 
drivers and receivers, the MAX250 also con- 
tains isolation transformer 
drive circuitry 
which supplies 


power 
to the 
isolated 
side 
of the 
interface, 
and the 


MAX251. 
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The MAX250 contains four identical noninverting 
drivers 


whose outputs 
may be used either as optocoupler 
LED 
drivers or as TIL/CMOS 
logic outputs. Each driver input 


(T1IN,T2IN, R1OIN,R201N)has a 'weak' 4llA internal pull-up 
current source. 
and 0.5V of hysteresis to improve noise 


rejection. The input logic thresholds 
conform to standard 


TIL/CMOS 
specifications. 


In normal operation, 
the MAX250 driver outputs 
(T1LOR. 


T2LOR, R1oUT. R2oUT) source 
7mA via internal 
current 
sources and do not require limiting resistors when driving 
grounded 
optocoupler 
LEOs or CMOSmL 
logic inputs. 
The outputs can also sink up to 25mA when the current 
is limited by external resistors. 


01 and 02 are open-drain 
N-Channel 
MOSFETs which 


drive an external isolation transformer in push-pull fashion 
at 150kHz with a 50% duty cycle. A 1:1 transformer turns 
ratio provides 
a 10V peak-to-peak 
output at the secon- 
dary. 
Specifications 
and 
suitable 
manufacturer's 
part 


numbers for this transformer 
are listed in Tables 2 and 3. 
No transformer 
snubbers 
are required 
because 
01 and 
02 are protected 
against switching transients by internal 


13.5V zener clamp diodes as shown in Figure 1. 


The MAX250 
functions 
also include 
an outPJJ1enable 


control (EN) and a SHUTDOWN pin (SHDN). EN puts all 
driver outputs 
into a high impedance 
state when driven 
high. SHDN. when 
pulled 
high, disables 
the following 
MAX250 functions: 


1.) Disables 01 and 02; 


2.) Turns off the oscillator; 


3.) Shuts off 4llA pull-up currents at driver inputs; 


4.) Resets driver outputs to a low state; 


5.) Lowers power consumption 
to 51lW. 


MAJC2S1 


The MAX251 connects 
to the 'cable' 
side of the RS-232 


interface 
and 
includes 
two line drivers 
and 
receivers 


along 
with 
circuitry 
to translate 
these 
levels 
to op- DI 


tocoupler 
signals. 
The RS-232 inputs (R1IN. R2IN) and 


outputs 
(T1ouT. T2ouT) completely 
conform 
to all EIA 


RS-232C and CCITI 
V.28 specifications. 
The receiver 


outputs 
(R 1LOR, R2LOR) source 
7mA and 
can 
drive 


optocoupler 
inputs 
without 
external 
current 
limiting 
resistors. 
The 
MAX251 
transmitter 
inputs 
(T1oIN. 


T2oIN) contain 
4llA 
internal pull-ups 
which 
allow direct 


connection 
to optocoupler 
output 
transistors. 
again 


without external resistors. 


When 
the 
MAX251's 
RTRI input 
is pulled 
high, 
the 


receiver outputs (R1LOR,R2LDR)are disabled 
and go to a 
high impedance 
state. In normal operation, this pin is left 


open or grounded. 


Optocoupler 
Limitations 


In Figure 3. the 4N26 optocouplers 
are connected 
in 
'diode 
mode" to optimize 
cost 
and data 
rate. 
While 
Current Transfer Ratio (CTR) is generally unspecified 
for 


this configuration, 
optocouplers 
from several manufac- 


turers have been successfully 
tested in this circuit. 
The 


MAX250/MAX251 
require 
a minimum 
optocoupler 
cur- 


rent transfer 
ratio of 0.12%. 
but may exhibit 
data rate 


limitations 
from 
the 
combined 
effect 
of 
higher 


MAX250/MAX251 
drive and high optocoupler 
CTR. 


The 6N136 optocouplers, 
shown in the inset in Figure 3 
and listed in Table 1, operate 
in phototransistor 
mode, 


with limiting values of CTR specified 
by the manufac- 


turers. 


If further information 
is required, 
please contact 
Maxim 


Applications. 
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Optoisolators 


Optoisolator 
manufacturers 
are listed in Table 1 for easy 


selection. 
The MAX250/251 
combination 
can be used 


with a 4N26 to obtain a 19.2k baud rate when used in the 


diode-to-diode 
mode (base tied to the emitter). When the 


MAX250/251 is used with the 6N 136, a 90k baud rate can 
be achieved 
when a 4kn 
pull-up 
resistor to 5V is used 


on pin 6 of the 6N136. 


PART NO. 
MFGS 
SUGGESTED 
VIOS 
TYP. PROP 


RL 
(VPK) 
tpHL 
tpLH 


4N25 
MOT,PHL,QT,SM,TRW· 
NONE2 
2500V 
14~ 
6.3~ 


4N26 
MOT,PHL,QT,SM,TRW 
NONE2 
1500V 
14~ 
4.31ls 


6N136 
HP,QT,TRW 
4K 
2500V 
1.8~ 
1.5~ 


• MOT = Motorola Inc. (303) 337-3434 


PHL= Phillips (401) 232-0500 
QT = Quality Technologies 
(General Instrument) 
(415) 493-0400 


SM = Siemens Components 
(408) 257-7910 
TRW= TRW Electronic 
Components 
Group (214) 323-2200 


Note 1: 
This list does not constitute 
an endorsement 
by Maxim Integrated 
Products 
and is not intended 
to be a comprehensive 
list of 
all manufacturers 
of these components. 


Note 2: 
When used with a MAX250/251. 


_____________________________ 
Transformers 


MAX250/251 chip set. The list includes both transformers 
that are small and more expensive 
and transformers 
that 


are larger and less expensive. 


Table 2 is a list of transformer 
characteristics 
that should 


be used to customize 
your own transformer. 
Table 3 is a 


list 
of 
transformers 
that 
are 
compatible 
with 
the 


Pri. Inductance 
1mHto 2.5mH 


Pri. Leakage Inductance 
30llH 


Turns Ratio 
1:1 Pri. center tapped 


ET 
50V-lls 


Switching Frequency 
150kHz 


Interwinding Capacitance 
< 100pF 


DC Resistance 
<2n 


Ipk 
300mA 


Dielectric Strength 
> 1500 VAC/1 sec. 


+5V Powered 
Isolated RS·232 Drivers/Receivers 


MANUFACTURERS 
LESS EXPENSIVE 
SMALL 


BH ELECTRONICS 
604 Michigan Rd. 
06471-1 
06471-2 
Marshall, MN 56258 
(507) 532-3211 


MINI-MAGNETICS 
1100 Fulton Place 
MM2757 
MM2758 
Fremont, 
CA 94539-7077 


(415) 490-7500 


SCHOTT Corporation 
1000 Parkers Lake Rd. 
67114760 
67117970 
Minneapolis, 
MN 55391 


(612) 475-1173 


Note 1: 
This list does not constitute 
an endorsement 
by Maxim Integrated 
Products 
and is not intended 
to be a comprehensive 
list of 
all manufacturers 
of these components. 
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Complete, 
+5V·Powered, 
Isolated, 


Dual RS·232 Transceiver 
Module 


_______ 
General Description 


The MAX252 complete, 
electrically-isolated, 
dual RS-232 
transmitter/receiver 
system 
requires 
no external 
compo- 


nents. 
By combining 
many functions 
in one package, 
the 


cost and complexity 
of an isolated 
digital 
interface 
are 


greatly 
reduced. 


A single 
+5V supply 
powers 
both sides of the interface. 
Transceivers, 
optocouplers, 
and 
a transformer 
in one 


low-cost 
package 
provide 
a complete 
interface 
up to 


9600 bits/sec. 
Additional pins provide low-power shutdown 


and a high-impedance 
state for both transmitter outputs. 


The 
MAX252A 
withstands 
130VRMS (continuous), 
1260VRMS (1 min.) or 1520VRMS (1 sec.) and is intended 
for applications 
where 
very high transient 
voltages, 
dif- 


ferential 
ground 
potentials 
or noise may be encountered. 
The MAX252A 
is UL recognized. 
The MAX252B 
is in- 


tended 
for less stringent 
applications 
and 
is rated 
for 


500VRMS (1 min.) or 600VRMS (1 sec.). 


Receivers 
and 
line 
drivers 
(transmitters) 
meet 
EIA 
RS-232D and CCITI 
V.28 specifications. 
The MAX252 is 


supplied 
in 40-pin 
plastic 
DIP packages 
in commercial 


(O°C to +70°C) and extended 
(-40T 
to +85°C) tempera- 


ture ranges. 


High-Noise 
Environments 


Automatic 
Test Equipment 


Differential 
Ground 
Potentials 


.MAX1A'I 


MAX252 


HANDSHAKE 
I 


I 


I 


• 
Isolated 
Data Interface 


• 
No External 
Components 


• 
Single +5V Supply 


• 
50/lW Low-Power 
Shutdown 


• 
Two Transmitters 
and Two Receivers 


• 
UL Recognized 
(MAX252A) 
- File 
E118032 
to UL 1577 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAX252ACHL 
O°C to 
+70°C 
40 Plastic Module 


MAX252BCHL 
O°C to 
+70°C 
40 Plastic Module 


MAX252AEHL 
-40°C 
to 
+85°C 
40 Plastic Module 


MAX252BEHL 
-40°C 
to 
+85°C 
40 Plastic Module 


Complete, +5V·Powered, Isolated, 
Dual RS·232 Transceiver Module 


ABSOLUTE MAXIMUM RATINGS 


LED Forward Continuous 
Current (pins 1S, 17,21,23) 
... 
30mA 
Power Dissipation 
Plastic DIP (derate 
10mWrC 
above +70·C) 
6S0mW 
Operating 
Temperature 
Ranges: 


MAX2S2ACHUBCHL. 
O·C to +70·C 


MAX2S2AEHUBEHL 
-40·C to +8S·C 
Storage Temperature 
Range 
-6S·C to + 1S0·C 


Lead Temperature 
(soldering, 
10 sec.) 
+300"C 


Voltages with respect 
to GND (pin 10) 
Supply Voltage, Vee 
. 
. .. -0.3V to +6V 
Input Voltage 
Pins 3,7,8,11,13,14,18,20 
-o.3V to (Vee +0.3V) 
Voltages with respect 
to ISO GND (pin 38) 
RS-232 Input Voltage (pins 33, 34) 
-30V to +30V 
RS-232 Applied 
Output Voltage (pins 3S, 36) .. 
-15V to +1SV 
Pins 32,37 
(V+) . 
+ 1SV 
Pins 24, 26, 31 
V+ 


RS-232 Transmitter 
outputs 
may be shorted 
individually 
and 
indefinitely 
to ISO GND. 


Stresses 
beyond 
those listed under 
-Absolute 
Maximum 
Ratings· 
may cause 
permanent 
damage 
to the device. 
These 
are stress ratings 
only, and functional 
operation 
of the device 
at these 
or any other conditions 
beyond 
those indicated 
in the operational 
section 
of the specifications 
is not implied. 
Exposure 
to 


absolute 
maximum 
rating conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL CHARACTERISTICS 
(Vee = +sv ±10%, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


ISOLATION 
(Note 1) 


1sec. 
1S20 


TA= +2S·C 
1 min. (Note 2) 
1260 
MAX2S2A 
Test Voltage 
VIsa 
Continuous 
(Note 2) 
130 
VRMS 


1 sec. 
600 
MAX2S2B 
1 min. (Note 2) 
SOO 


Leakage Current 
10 sec., VIsa = SOOVRMS,60Hz, 
10 
SO 
llMMS 
TA= +2S·C 


TA= +2S·C 
1010 
Q 
Isolation Resistance 
SOOVDe 
Capacitance 
OV 
10 
pF 


POWER SUPPLY 


TA = +2S·C, 
T1IN, T2IN, R1IN, R21N= Vee 
60 
90 
Operating 
Supply Current 
Ice 
mA 
SHDN = OV 
T1IN, T21N,R11N,R21N= a 
8 
1S 


Shutdown 
Supply Current 
les 
SHDN = 1V 
1 
10 
llA 


- 
lEN, 
Input = GND to Vee 
EN, SHDN Input Current 
ISHDN 
0.001 
1 
llA 


TTUCMOS 
INPUTS/OUTPUTS 


nUCMOS 
Input Pull-Up Current 
Ip 
VIN = OV 
4 
20 
llA 


TTUCMOS 
Output Voltage Low 
VOL 
lOUT = 3.2mA 
0.4 
V 


nUCMOS 
Output Voltage High 
VOH 
lOUT = -1.0mA 
3S 
V 


Input Logic Threshold 
High 
VIH 
T1IN, T2IN, EN, SHDN 
1.8 
2.4 
V 


Input Logic Threshold 
Low 
VIL 
T1IN, T2IN, EN, SHDN 
0.8 
1.3 
V 


Input Hysteresis 
T11N,T21N 
O.S 
V 


Leakage Current, 
- 


Output Disabled 
IL 
T11N,T2IN; EN or SHDN = Vee 
10 
llA 


Input Capacitance 
CIN 
T1IN, T21N 
S 
pF 


Complete, +SV.Powered, Isolated, 


Dual RS·232 Transceiver Module 


ELECTRICAL CHARACTERISTICS 
(continued) 


(VCC = +5V ±10%, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


RS-232 CHARACTERISTICS 


RS-232 Output Voltage Swing 
Vpp 
Tl0UT, 
T20UT, 
±5 
±72 
V 
RL = 3kQ to ISO 


RS-232 Output Leakage Current 
V+ = V- = OVor SHDN = VCC, 
-10 
+10 
~A 
Tl0UT, 
T20UT = ±15V 


RS-232 Input Threshold 
High 
RlIN, R21N 
18 
30 
V 


RS-232 Input Threshold 
Low 
RlIN, R21N 
06 
1.2 
V 


RS-232 Input Hysteresis 
RlIN, R21N 
06 
V 


RS-232 Input Resistance 
RlIN, R2IN, TA = +25T 
3 
7 
kQ 


Transmitter 
Output Slew Rate 
SR 
RL = 3kQ, CL = 2500pF Sample Tested 
3 
30 
V/~s 
Measured 
from +3v to -3V or -3V to +3V 


tR 
RS-232 to TTL 
24 


Propagation 
Delay 
tT 
TTL to RS-232 
20 
~s 


Sample Tested 


Transmission 
Rate 
RL = 3kQ 
9600 
19200 
Bits/sec. 
CL = 2500pF 


AC 
40 
v+ 
37,32 


ISO-PWR 


v- 
39 


BYP 
31 


T10UT 
36 


T20UT 
35 
RS-232 
OUT 


RllN 
34 


RS-232IN 


DC-DC 


SHDN 


D2 


7 
T21N 


11 
EN 


Complete, +5V-Powered, Isolated, 
Dual RS-232 Transceiver Module 


MAX252TRANSMITIER 
SLEW RATE 
vs. TEMPERATURE 


MAX252TRANSMITIER 
SLEW RATE 
MAX252 ENABLE, DISABLE TIME 
vs. LOAD CAPACITANCE 
vs. TEMPERATURE 


14 
300 


12 
Vcc = +5V 
250 


10 
~ 


200 


8 
g 
~ 
::! 
150 
~ 
r= 


v> 
4 
100 


50 


0 
2000 
4000 
6000 
8000 
1ססoo 
-55 
-25 
0 
25 
50 
75 
100 
125 


LOAD CAPACITANCE 
(pF) 
TEMPERATURE ('C) 


18 


16 


14 


~ 
12 
>- 
IF 


~ 
10 


~ 
tR 
v> 


-25 
0 
25 
50 
75 
100 
125 


TEMPERATURE ('C) 


10 
> 
15a; 


-5 


-10 


Vcc 


TRANSMlnER 
OUTPUTS 
I 
I 
\ 


TOUTlOAO = 5kn 
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PIN# 
NAME 
FUNCTION 


1 
R10UT 
Receiver #1 Output; nUCMOS 
logic 


levels 


2 
D2 
Internal Connection. 
Leave this pin 
unconnected. 
Do not ground. 


Shutdown. 
When high, turns off the 


3 
SHDN 
oscillator 
and disconnects 
driver in- 
puts. 
Ground for normal operation. 


4 
D1 
Internal Connection. 
Leave this pin un- 
connected. 
Do not ground. 


5 
Vcc 
+5V Supply Voltage 


6 
T2LDR 
Transmitter 
#2 LED Driver 


7 
T21N 
Transmitter 
#2 Input; nUCMOS 
logic 
levels 


8 
T11N 
Transmitter 
#1 Input; nUCMOS 
logic 


levels 


9 
T1LOR 
Transmitter 
#1 LED Driver 


10 
GND 
Ground 


Output Enable. 
If High, T1LOR, 
- 
T2LOR, R1oUT, and R20UT go to high- 
11 
EN 
impedance 
state. 
Ground for normal 


operation. 


12 
R20UT 
Receiver #2 Output; nUCMOS 
logic 
levels 


13 
R20lN 
Receiver #2 Detector 
Input 


14 
R10lN 
Receiver #1 Detector 
Input 


15 
T1LED 
T1 LED Anode Input 


16 
LED COM 
Common T1LED, T2LED Cathode. 
Tie 


to Ground. 


17 
T2LED 
T2 LED Anode Input 


18 
R10ET 
R1 Photodiode 
Cathode Output 


19 
DETCOM 
Common 
R10ET. R20ET Anode. 
Tie 


to Ground. 


20 
R20ET 
R2 Photodiode 
Cathode Output 


PIN# 
NAME 
FUNCTION 


21 
R2LEO 
R2 LED Cathode 
Input 


22 
ISO LED 
Common 
R1LEO, R2LEO Cathode. 
Tie 
COM 
to Isolated Ground. 


23 
R1LED 
R1 LED Cathode 
Input 


24 
T20ET 
T2 Photodiode 
Anode Output 


25 
ISO DET 
Common T10ET, T20ET LED Anode. 


COM 
Tie to Isolated Ground. 


26 
T10ET 
T1 Photodiode 
Anode Output 


27 
T10lN 
Transmitter 
#1 Detector 
Input 


28 
T20lN 
Transmitter 
#2 Detector 
Input 


29 
R1LOR 
Receiver #1 LED Driver 


30 
R2LOR 
Receiver #2 LED Driver 


31 
BYP 
Internal Connection. 
Leave this pin un- 


connected. 
Do not ground. 


32 
V+ 
Isolated Positive Supply 


33 
R21N 
RS-232 Receiver #2 Input 


34 
R11N 
RS-232 Receiver #1 Input 


35 
T20UT 
RS-232 Transmitter 
#2 Output 


36 
T10UT 
RS-232 Transmitter 
#1 Output 


37 
V+ 
Isolated Positive Supply 


38 
ISOGND 
Isolated Ground 


39 
V- 
Isolated Negative 
Supply Voltage 


40 
AC 
Internal Connection. 
Leave this pin 


unconnected. 
Do not ground. 


CompleteJ 
+SV·PoweredJ IsolatedJ 


Dual RS·232 Transceiver Module 
______ 
.•so.ation 
App'ications 


The MAX252 is intended 
for industrial 
communications 


and control applications 
where voltage transients, differ- 


ential ground 
potentials 
or high noise may be encoun- 


tered. The MAX252A 
withstands 
130VRMS(continuous), 
1260VRMS(1 min.) or 1520VRMS(1 sec.). For less strin- 
gent 
applications, 
the MAX252B is rated at 500VRMS(1 
min.) or 600VRMS(1 sec.). For applications requiring higher 
isolation ratings or transmission rates greater than 9600 baud, 
Maxim recommends the MAX250 and MAX251 device set 
that uses external optocouplers and transformer. 


Figure 1 shows the typical interconnection 
for a complete 
9600 bits/sec. 
transceiver. 
Important 
layout considera- 


tions include: 


* For maximum isolation, the isolation line through the 


center of Figure 1 should not be breached; 
connections 
from each side should be kept separate. 


* Optocoupler 
outputs (pins 18, 20, 24, and 26) are 
high-impedance 
nodes, so connecting 
traces should be 


TOP VIEW 
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EN 


R20UT 


I 


I 


I 


as short as possible to minimize stray capacitance 
and 


maximize data transfer rate; shunt capacitance 
seen by 
each pin should not exceed 
10pF. 


The MAX252 pin out enables optimal printed circuit board 
layout by minimizing 
interconnect 
lengths 
and cross- 
overs. 
Figure 
2 shows 
the preferred 
layout, 
which 
is 


strongly 
recommended 
for 9600 bits/sec. 
applications. 


Note the position of the ground 
traces, 
particularly 
the 
protection 
of pin 20 by the wraparound 
from pin 19. 


Isolation Example 


Figure 
3 illustrates 
how to isolate 
an existing 
RS-232 


interface by inserting a MAX252 and MAX233 in series. 
Both devices invert while translating 
RS-232 to TIL and 


TIL to RS-232 levels. Since there is no net inversion, the 
circuit 
functions 
like two plain pieces 
of wire, but with 
1520VRMS(at 1 sec.) isolation between the ports. 
_______ 
Detai.ed 
Description 


The MAX252 contains 
two integrated 
circuits, 
four op- 


tocouplers, 
four capacitors, 
two diodes, 
and 
a small 
transformer. 
Together, 
these 
provide 
a complete, 
iso- 


lated, dual RS-232 transmitter and receiver. The non-iso- 
lated or logic side of the interface transfers logic signals 
to and from the optocouplers, 
while the isolated or cable 
side transfers data between the optocouplers 
and RS-232 


Complete, +SV.Powered, Isolated, 


Dual RS·232 Transceiver Module 
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0 
TO 
0 
0 
DC-DC 
ISD-PWA 
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transmitters 
(line drivers) 
and receivers. 
The MAX252 
also contains an isolation transformer 
and drive circuitry 
to supply power to the isolated side of the interface. 


On the logic side of the MAX252 are four identical 
non- 


inverting 
drivers whose outputs 
may be used either as 
optocoupler 
LED drivers or as TIL/CMOS 
logic outputs. 


Each driver input (T1IN, T2IN, R1oIN, R2oIN) has a weak 
41lA internal pull-up current source, and O.5V hysteresis 
to improve noise rejection; logic thresholds 
for the driver 


inputs conform to standard TIL/CMOS 
specifications. 


The RS-232 side of the interface includes two line drivers 
and receivers along with circuitry to translate these levels 
to optocoupler 
signals. 
The RS-232 inputs (R1IN, R2,N) 
and outputs (T1oUT,T20UT)conform to EIA RS-232D and 
CCITI V.28 specifications. 
The inputs to the RS-232 line 
drivers (T1OIN,T2oIN), which are normally strapped 
to the 
internal optoisolators, 
are TIL/CMOS 
compatible. 


Also included 
are an OUTPUT ENABLE control (EN) and 
a SHUTDOWN pin (SHDN). EN places all driver outputs 
in a high-impedance 
state when driven 
high. 
SHDN, 


when pulled high, performs the following functions: 


1) Turns off the 130kHz oscillator, 
removing power 


from the RS-232 side of the interface. 
2) Places T10UTand T20UTin a high-impedance 
state. 
3) Disables the 41lA pull-up currents at the logic-side 


driver inputs (T1IN, T2IN, R1oIN, R2oIN). 


4) Resets logic-side 
driver outputs (T1LDR,T2LOR, 


R1oUT, R2oUT) to low. 


5) Reduces power consumption 
to 50IlW. 


____ 
Module Product Reliability 


For reliability data on Maxim's Module Product Line, see 
Reliability Report RR-3A . 


Complete, +SV·Powered, Isolated, 
Dual RS·232 Transceiver Module 
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OPAMPS 


1~ Op Amp Extends Battery Life 15X 
Output Swings Rail-to-Rail. Drives 2000 Times Supply Current 


Before the MAX406, 15~ 
supply current 
was considered 
the 
state-of-the-art 
for a micropower 
op amp, 
Operating 
at only 1~, 


the MAX406 has now redefined the term micropower. 
If batteries 
had 
an indefinite 
shelf-life, 
the 
MAX406 could 
operate 
up 
to 
250,000 
hours 
(28 years) 
from a 250mA-hr 
lithium 
coin 
cell. 
Drawing no more than 
a battery's 
leakage current, 
the MAX406 
enables 
battery-powered 
systems to operate over 15 times longer. 


lt works off a single 2.5V to 10V supply, or a dual ±1.25V to ±5V 
supply. 
The MAX406 is unity gain stable and offers superior 
stability 
compared 
to other micropower 
CMOS op amps-it 
remains 
stable 
while driving capacitive 
loads as high as 11lF without 
oscillating. 


For high -speed applications, 
pin 8 can be connected 
to the positive 
supply for a 20VIms slew rate and a 40kHz gain bandwidth 
(AvCL 
~ 2VlV), without 
drawing any extra supply current. 


MAX406 
OPERATES 
FROM 
A 
BATTERY'S 
LEAKAGE 
CURRENT 


LA 


At 1.2~A max supply 
current, 
the MAX406 oper- 
ates with a current as low as a battery's typical 
leakage current. 
-i' 
~€1 
~~\\.o~\)CLowestNoise & Drift, Highest 


l' ~\)'t\)Gain Op Amps-No 
Chopping 


250nVpp Noise. 0.005f.lVFC Drift. 0.5f.lVOffset. 190dB Gain 


The new MAX425 and MAX426 are the first op 
amps 
to provide 
the lowest noise 
and "zero" drift 
(TCVOS) in an 8-pin 
DIP. 
A unique 
non-chopper 
error-correction 
technique 
virtually eliminates 
input 
offset voltage, drift, noise, and common 
mode errors 
without the drawbacks 
associated 
with chopper 
sta- 
bilized op amps 
such 
as external 
capacitors, 
clock 
ripple noise, and external 
filtering. 


The 
MAX425 
and 
ANALOG 
MAX426 250nVpp 
(O.lHz- 
,DESIGN GUIDE 
10Hz)noise and 0.005IlV FC 
drift represent 
a 6-times im- 


provement 
over the lowest 
noise chopper 
stabilized 
op 
amp, 
and 
40-times 
lower 
drift than 
the lowest noise 
precision 
bipolar 
op amp. 
The improvement 
in noise 
alone 
translates 
to a 
significant 
increase 
in system accuracy 
and resolution. 
The MAX425 is unity-gain 
stable. 
The MAX426 is stable for gains ~ 30V IV 
and offers a 15MHz gain-bandwidth 
product, 
12VIllS slew rate, and DC perfor- 
mance 
eqUivalent to the MAX425. 
Applications 
include 
weigh-scales, 
sensors, 
low frequency 
active filters, current-to-voltage 
converters, 
and SIH 
amplifiers. 


I 


'" 
Chopping 
- 
ICL7652 
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\ 
'\. 
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- 
TLC2654 
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~ 
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IlP Supervisory 
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7 
AID Converters 
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High Speed: 
Video, Comnarators 


9 
D/A Converters 


Fastest 
10MHz Micropower 
Op Amps 


40V /~s Slew Rate at Less Than 375J.!ASupply Current 
.~.. 
S1 
!Z 
wa:a: 
::>o 


~ 
01 ~ 
.. 
::> 
en 


.OP43 


.1/4lMC660 


No other 
op amps 
match 
the 
new MAX402 and 
MAX403's combination 
of high-speed 
and 
micropower 
operation. 
The MAX403 guarantees 
a 7MHz (lOMHz typ) 
bandwidth 
and a 25VIlls (40VIlls typ) slew rate from less 
than 
375!!A supply 
current-14 
times 
faster 
than 
the 
industry 
standard 
OP27 at less than 
l/lOth 
the supply 
current (see graph). MAX403 power consumption 
is under 
3.75mW at ±5V. 
For applications 
requiring 
even lower 
power. the MAX402 guarantees 
a 1.7MHz bandwidth 
and 
a 5VIllS slew rate while drawing less than 
75!!A supply 
current which results in a power consumption 
ofless than 
75011Wat ±5V. Both op amps are unity gain stable and 
operate 
from ±3V to ±5V supplies, 
or a single 6V to lOV 
supply. 
Applications include low power signal processing, 
portable or handheld 
instruments. 
and remote sensors. 


70f.!VOp Amp Minimizes Input Errors 


Single Supply Operation From 1.6V to 36V at Only 15J.!A 
Supply Current 


The MAX480's precision 
DC specifications 
mini- 
mize input referred errors (see graph). Guaranteed 7011V 
offset voltage and 1.511VIT drift. independent 
of pack- 


age type or supply voltage range, represents 
a greater 
than 
two times improvement 
over the highest 
grade 
industry standard 
0P90A. Similarly, input bias current 


and offset current 
are improved over the 01'90. 


The MAX480 input and output 
voltage range in- 


clude the negative 
supply 
rail. 
With single or dual 


supply capability ranging from +1.6V to +36V or ±0.8V 
to ±18V. applications 
include micropower voltage ref- 


erences, 
remote thermocouple 
conditioners. 
and cur- 
rent monitors. 


18mW Comparator 
Family 
Fastest Low Power Comparators 
Operate From a Single +5V Supply 


Maxim's growing MAX900 family of high-speed 
compa- 
rators offer single. dual, and quad devices with unparalleled 
performance. 
No other comparators 
offer the combination 
of an 8ns response 
time while drawing only 3.6mA (l8mW) 
per comparator 
from a +5V supply. 
And since many low- 


power 
applications 
operate 
from 
a single 
supply. 
the 


MAX900 family's input voltage range extends all the way to 
ground to provide a wide common mode input voltage range. 


Whether it's a I. 7ns ECL or 9ns TTLoutput comparator 
with industry 
standard 
pinouts. 
Maxim provides the high- 


speed comparator 
solution for your application. 


8ns, 


MAX900 hlgh·speed, 
lower power comparator 
family 
offers an 8ns response time while consuming 
only 
18mW/comparator. 


SUPERIOR 
DC PRECISION 
OVER OP90A 
3.5 


3.0 


2.5 


2.0 


1.5 


1.0 


0.5 


o 


100 


MAX480 micropower 
op amp minimizes 
input errors by 


offering superior DC performance 
over the highest grade 
industry 
standard 
OP90A. 


OpAmps 


Unity 
Supply 
Supply 
Prieet 


Part 
Vas 
TCVos 
ISlAS 
GBW 
Voltage 
Current 
lOOO-up 
Number 
(mV) max 
(~IVIC) max 
(nA) max 
(MHz) 
(V) 
(mA) max 
Features 
($) 


MAX41l1l 
1l1- 15~IV 
1l.1 
2 
0.4 
±lh,±IX 
4 
UHr,,-low V(lS & drift 
='.Ih 


IHlll-choppt.'f st.lbilii'l'd 
MAX~1l2 
25 
5 
2 
±5 
751-\A 
High-spl'f..'d. 
7V Ips sic\\' 
r,ltc, 
1.9H 


mknlpo\\'cr 
MAX41ll 
11 
25 
10 
±5 
175pA 
Hif;h-speed, 
~IlVIps skw 
r,lt". 
2.73 


micnlpll\\'ef 


MAX~1l6 
1l5-2.1l 
10 
lOpA 
O.OOX-O.O~O +25 to +10 
1.2pA 
Lo\\'c~t-p0\\'t:'r, 
singlt' supply 
25-.l 


output 
svdngs 
f"iI-tn-f,lil 
MAX~OX/2X/4H 
6 -12 
15 - 20 
1.11-\A 
100 (Av ~ 3) 
±5 
10/amp. 
Singlc/dual/quild 
high-spl'l'd, 
1.02/4.l)h/h.7~ 
high output 
current 
MAX420/422 
5 -101-\V 
0.05 
0.0l- 
0.10 
0.125 - 0.5 
±15 
0.5 - 2 
±15V chopper 
stabilizt::'d 
1.77/4.21 


MAX421/421 
5 -101-\V 
0.05 
0.03 - 0.10 
0.125 - 0.5 
±15 
0.5 - 2 
±15V chopperstilbilized 
with d,11llpcd 
421/~.57 
output 
and INT /EXT clock option 


Cf 
MAX425/426 
51-\V 
0.05 
10pA 
0.35 - 12 
±5 
1.4 
Lowest noise & drift, superior 
non-chopper 
tt 


Co> 
error correction, 
no clock ripple 
noist' 


MAX430/432 
51-\V 
0.05 
0.1 
0.125 - 0.5 
±15 
0.5 - 2 
±15V chopper 
stabilized 
with intl'r11c11Ci\PS 
4.XO/5.29 


MAX480 
70l-\V 
1.5 
3 
0.02 
±0.8 to ±18 
15pA 
Low Vas & drift, micropower, 
3.h8 
single supply, 
input/ 
output 
extend 
to negative 
rail 


ICL7611 
2-15 
10-25 
0.05 
0.044 - 1.4 
±1.0 to±8 
0.02 - 2.5 
Programmable 
quiescent 
current 
15X 


ICL7612 
5-15 
15 -25 
0.05 
0.044 - 1.4 
±1.0 to ±8 
0.02 - 2.5 
Programmable 
quiescent 
current, 
LXI 


CMVR> 
negative 
rail 
ICL7614 
2-15 
15 -25 
0.05 
0.48' 
±1.0 to ±8 
0.25 
External compensation 
0.95 


ICL7616 
2-15 
15 -25 
0.05 
0.044 - 1.4 
±1.0 to ±8 
0.02 - 2.5 
Programmable 
quiescent 
current, 
1.62 
CMVR> 
negative 
rail 


lCL7621/7622 
5-15 
15 -25 
0.05 
0.48 
±1.0 to ±8 
0.25 
Dual low lBIAs& los 
155/1.48 


ICL7631/7632 
5-20 
15 -30 
0.05 
0.044 -1.4 
±1.0 to±8 
0.022 - 2.5 
Triple 01' amp, programmable 
quiescent 
2.27/2.12 
current-ICL7632 
is externally 
compensated 


ICL7641/7642 
5-25 
15 -30 
0.05 
0.044 - 1.4 
±1.0 to±8 
0.Q15 - 2.5 
Quad 
01' amp 
1.70/1.91 


ICL7650 
S-101-\V 
0.05 - 0.10 
0.01 - 0.02 
2 
±5 
2 
Industry-standard 
chopper 
stabili7ed 
239 


ICL7652 
S-101-\V 
0.05 
0.03 
0.45 
±5 
2 
Low noise industry-stondard 
chopper 
3.06 
stabilized 


Notes: 
Externa139pF 
compensation 
capacitor 
added. 


t 
Prices provided 
are for design 
guidance 
and are FOB USA. 
International 
prices will differ due to local duties, 
taxes, and exchange 
rates. 
tt Future 
products 
- contact factory for pricing 
and availability. 
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_ Op Amps (continued) 


ISlAS 
(nA) max 
2-4 


90 -180 
2 -12 


40 - 80 


40-80 


15 - 25 


Unity 
GBW 
(MHz 
0.8 


75 (Av > 2) 


0.6 
8 
63(Av~5) 


0.020 


Supply 
Voltage 
V 
±3 to±I8 


±4 to±I8 


±3 to±I8 


±3 to±I8 


±3 to±IS 


±D.8 to±18 


Prieet 


1ODD-uP 
ID.. 


1.75 


4.21 


0.97 
tt 
tt 
1.65 


Part 


High-Speed comparators 


NUmber 
~ 


#Comps 
Logic 


Prieet 


Co> 
4 


lDDD-UP 


l. 


TIL 


Features 


$ 


IvlAX901 


Single 
+5V capability, 
low power, 
CMVR 
7.01 


IvlAX902 
4 


extends 
to neg. rail, separate 
analog 
& 


MAX903 
2 


TIL 
NO 


digital 
supplies, 
Internal 
pull-UP resistorS 


TIL 


33 
8.0 
MAX900 without 
output 
latch 
5.98 


MAX9IO 


1 


YES 


TIL 


17 
8.0 
DualMAX900 
tt 


1 


YES 


TIL 
YES 


8.5 
8.0 
Single MAX900 
tt 


MAX911 


60 
5.0 


High-speed 
TfL_compatible 
comparator 
tt 


MAX9685 


1 


with 8-bit digitally 
programmable 
input 


ECL 
YES 


voltage 
threshold 
and on-board 
reference 


MAX9686 
1 


62 


MAYQ 
1 


ECL 
YES 


2.0 


MAX910 with differential 
ECL outputs 
tt 


MAX' 


TIL 
YES 


54 
1.3 
Higher 
speed 
industry-standard 


3.38 


2 


MAX9698 


J 
ECL 
YES 


45 
6.0 
Higher 
speed industry-standard 
2.31 


2 


ECL 
NO 


114 
1.4 
Higher 
speed 
industry-standard 
5.12 


-- 
IT!. 


54 


YES 


1.3 


High speed, 
8-lead PDIP, SO 


3.29 


90 
6.0 


Higher 
speed 
industry-standard 


3.92 


Part 
Number 
Vos 


~gV) 


LTJ028 
15-60 
OP07 
40- 80 


OP27 
25 -150 


OP37 
25 - 100 


0P90 
25 - 100 
150 - 450 


TCVos 
(gVrC) 
max 


0.6 -1 


0.8 -1 


0.6 - 2.5 


0.6 -1.8 


0.6 -1.8 
2-5 


Notes: 
t 
Prices 
prov· d 
tt Future 
pro~ 
ed are 
for desi 
ucts _ contact 
f gn guidance 
and are FOB U 
actory 
for pricing and 
_ SA. 
International 
- 
.' 


avmlabllity. 
pnces VII~ll d,H"r 
due 
to local duties, 
taxes, and exchange 
rates. 


Video Products 


Unity 
Output 
Supply 
Pricet 


Part 
GBW 
Slew Rate 
Vas 
Current 
Voltage 
IBIAS 
1000-up 
Number 
(MHz) 
(V/gs) 
(mV)max 
(mA)max 
(V) 
(nA)max 
Features 
$ 


VIDEO AMPLIFIERS 


MAX408/28/48 
100(Av '" 3) 
90 
6 -12 
SO/amp 
±5 
l.lIlA 
Single, dual. quad op amps, 
3.02/4.06/6.74 


high output 
drive 


MAX452 
50 
300 
5 
14 
±5 
10 
Unity gain stable, drives 75(2 coax cable 
2.40 


MAX457 
70 
300 
5 
15 
±5 
1 
Dual. unity gain stable, drives 
75(2 
4.45 


coax cable 


VIDEO BUFFERS 


MAX405 
180 
650 
4 
60 
±5 
21lA 
0.99V /V gain guaranteed 
over temp, 
4.25 


om '/0.03% 
diff phase/ 
gain 
MAX460 
140 
1500 
5-10 
100 
±15 
0.05 - 0.1 
FET input, 
EL2005, LH0033 upgrade 
19.78 


LH0033 
100 
1400 -1500 
5 -20 
100 
±15 
0.1 - 0.5 
FET input, improved 
industry-standard 
13.67 


LH0063/BB3553 
300 
2000 
25-50 
200 
±15 
0.2 - 0.5 
FET input, industry-standard 
23.51/24.99 


~ 
VIDEO MUL TIPLEXER/ AMPLIFIER 


MAX453 
50 
300 
5 
14 
±5 
10 
Video amplifier 
with 2-channel 
video mux 
3.94 
MAX454 
50 
300 
5 
14 
±5 
10 
Video amplifier 
with 4-channel 
video mux 
5.25 


MAX455 
50 
300 
5 
14 
±5 
10 
Video amplifier 
with 8-channel 
video mux 
8.75 


Unity 
Pricet 


Part 
GBW 
Slew Rate 
Vas 
OFF Isolation 
Crosstalk 
1000-up 
Number 
(MHz) 
(V/gs) 
(mV) max 
(dBat5MHz) 
(dBat5MHz) 
Features 
($) 


VIDEO CROSSPOINT 
SWITCH 
MAX456 
35 
250 
5 
80 
70 
8x8 crosspoint 
switch array with 8 output 
22.09 


buffers, three-state 
capability 


Notes: 
t 
Prices provided 
are for design 
guidance 
and are FOB USA. 
International 
prices will differ due to local duties, 
taxes, and exchange 
rates. 


tt Future products 
- contact factory for pricing 
and availability. 
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Getting High Performance From Low Power 


Low Noise In Precision 
Measurements 


Precision 
Amplifiers 


The term "precision" in analog signal measurement 
gen- 
erally applies to circuits that are optimized 
for accurate 
amplification 
or manipulation 
of signals. 
But manufactur- 
ers of op amps and other ICs differ on what constitutes 
precision, 
and their products 
lay claim to the term with 


varying degrees of success. 


A precision amplifier must perform well in several respects: 
low offset voltage, large open-loop gain, and good power- 
supply and common-mode 
rejection. 
Low input-bias and 
input-offset 
currents 
are also important 
in applications 


where the input signal 
originates 
from a large source 


impedance. 
And to maintain the precision, these parame- 
ters must exhibit minimal drift over time and temperature 


____ 
Noise as a Precision 
Spec 


Noise, though a less frequently scrutinized 
parameter, is 
always critical in achieving high resolution and accuracy. 
An IC's noise characteristics 
may be an obstacle even in 
the presence of low bandwidth 
and extensive filtering. 


Three types of noise can contribute 
error in a measure- 


ment application: 


1) 
Transmitted 
noise that is received 
with the input 
signal. 
If you have no control 
over the signal 
source, this noise can be reduced only by filtering, 
or in some cases, by synchronous 
detection. 


2) 
Interference 
noise (60Hz 
pickup, 
for example) 
enters the circuit 
through 
magnetic 
coupling 
or 
power-supply 
and ground connections. 
It can be 
minimized by careful design and layout practices, 
and sometimes 
by filtering. 


3) 
Intrinsic 
noise, generated 
within an IC or other 
component, 
is best 
minimized 
through 
careful 


component 
selection. 


_____ 
Wideband 
vs. 1/f Noise 


There are two types of low noise op amps 
Those exhibiting 
low noise at low frequency, 
and a much larger category- 


those that exhibit 
low wideband 
noise. 
The latter type 
finds application 
in audio, video, and other AC-coupled 
or high-frequency 
systems. 


The "1/f corner frequency", 
at which the graph of noise 
energy (density) 
vs. frequency 
changes 
slope, is a key 
characteristic 
separating 
low-noise 
DC amplifiers 
from 
wideband 
types. 
Below this corner, the noise density of 


/~I/JXI/~I 
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conventional 
op amps increases at a rate inversely pro- 
portional to frequency. 
At very low frequencies, 
the op 
amp noise is essentially indistinguishable 
from Vas drift. 


Excessive 1/f noise is the circuit designer's 
biggest con- 
cern in high gain and low frequency 
applications. 
It often 
appears as random changes in the least significant 
bit of 
a display 
or an AID converter; 
hence the term "flicker 
noise", often used in place of 1/f noise. 


Low 1/f noise is crucial in achieving accurate, high-resolution 
DC measurements. 
Filtering 1/f noise is virtually impos- 
sible because 
the noise increases 
with decreasing 
fre- 
quency and displays most of its energy below 1Hz. 
In 
addition, a lowpass filter for this purpose would introduce 
intolerably long delays inthe system response time. 


__ 
Best Amplifiers 
for 1/f Noise 


Because 
circuit-design 
techniques 
are largely ineffec- 
tive in reducing 
1/f noise, you must limit this aberration 
by selecting 
a low-noise 
amplifier. 
Clock-stabilized 
types, 
for example, 
correct 
for input offset, 
drift, and 
random 
low-frequency 
variations 
(1/f noise). 
Figure 
1 
test circuit 
enables 
measurement 
of total noise in the 
bands 0.1 to 1Hz and 01 
to 10Hz 


0.1 TO 10Hz 


100,000 
TIMES 


INPUT NOISE 


For three such amplifiers 
operating 
with a 1oon source 
impedance 
The ICL7652 
(Figure 
2) was among 
the 
first monolithic 
op amps to apply the clock-stabilization 
(chopper-stabilized) 
technique, 
and was further refined 


in the TLC2654 
(Figure 3), The MAX425 and MAX426, 


however, 
achieve 
dramatic 
further 
reductions 
in low- 
frequency 
noise 
through 
careful 
layout 
and 
unique 
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switched-input stages (Figure 4). (See A 'Switching' 
Op 
Amp). 


Voltage density for the three switching op amps, unlike 
that of conventional 
op amps, levels off below 
10Hz 
instead of rising. 
__________ 
Current Noise 


Current 
noise is an issue if the input signal's 
source 
resistance 
is sufficiently 
high. 
For some op amps, 
the acceptable 
level of source 
resistance 
is quite 
low. Maxim's LT1028, for example, whose wideband 
voltage-noise 
density 
« 
1nV/"Hz) 
is the lowest avail- 
able in a monolithic 
op amp, loses its noise advan- 
tage to other amplifiers 
(such as the MAX400) if the 
source 
resistance 
exceeds 
1kQ (Figure 
6). 
The 
LT1028 achieves 
low voltage noise at the expense of 


~ 
I 


L 


a high input bias current (25nA); it must therefore operate 
with minimum values of external resistance to retain its 
low-noise advantage. 


Current noise in high-gain, precision DC applications 
is 
rarely a concern because source resistances are usually 
low (strain gauges, for instance, measure 350Q; thermo- 
couples, 
10Q). 
A major exception 
to this rule is the 
photodiode current-to-voltage 
amplifier, which provides 
a voltage gain of one with a current gain of 106 or more. 


Current noise in CMOS amplifiers is low (compared with 
bipolar amplifiers) because CMOS input bias currents 
are extremely low (picoamps). 
But this current-noise 
advantage is often wasted. 
The source impedance 
in 
wideband CMOS amplifier circuits is usually low, and the 
alternative bipolar amplifiers (LT1028 and MAX400, for 
example) offer significantly lower voltage noise. 


The limitations 
of all components 
should 
be consid- 
ered 
in a low-noise 
design. 
Select 
high 
quality 
metal-film 
or wirewound 
resistors 
and specify 
mini- 
mal resistance 
values. 
To minimize wideband 
noise, 
the 
system 
bandwidth 
should 
be no greater 
than 


necessary 
to avoid 
distortion 
at the highest 
signal 


frequency 
of interest. 


What Happened 
to 
Chopper 
Op Amps? 


Chopper-stabilized 
op amps have offered 
the high- 
est performance 
available 
until recently. 
Chopper- 
stabilized 
op amps actually 
consist of two amplifiers: 
The main 
signal 
amplifier 
and 
a nulling 
amplifier, 
which 
zeroes 
the 
main 
amplifier 
once 
per 
clock 
cycle. 
Two capacitors 
store the autozero 
correction 
voltages 
during 
different 
periods 
of the amplifier's 
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operating 
cycle. 
Thisalmost-continuous 
null ing action 


virtually 
eliminates 
the effects 
of Vas 
drift, 
common- 


mode voltage, 
and power-supply 
variations. 
It also re- 


duces low-frequency 
and 1/f noise. 


Chopper-stabilized 
op amps also have drawbacks: 


1) 
The autozero 
information 
resides on capacitors, 


whose leakage degrades 
the amplifier's 
drift per- 
formance. 


2) 
The chopper 
amplifier's 
autozero 
loop is slow to 
recover following an input overload. 


3) 
Choppers 
generate 
switching 
noise at the clock 
frequency. 


4) 
The 
chopper 
amplifier's 
output 
stage 
has an 
asymmetric 
drive capability. 


5) 
Chopper amplifiers exhibit excessive 
phase error 
due to intermodulation 
distortion 
when the input 
signal frequency 
equals the switching 
clock fre- 
quency. 


The MAX425/426 
precision 
op amps, 
unlike chopper- 


stabilized 
types, 
have internal 
D/A converters 
for au- 
tozeroing. 
The error correction 
information 
is stored 
digitally 
without 
any loss of information 
from leakages 


common to chopper-stabilized 
op amps 
With no need 
to restore 
charge 
on a capacitor, 
the autozero 
opera- 


tion can be performed 
less often. 
Because 
there is no 
discharge 
of autozero 
capacitors, 
the digital 
autozero 


scheme 
also allows the MAX425/426 
to recover 
from 
input 
overloads 
almost 
immediately. 
Noise 
voltage 


10 
100 
lk 


TOTAL 
SOURCE 
RESISTANCE 
(n) 


density 
at the 300Hz 
clock 
frequency 
is only 
about 


17nV/~Hz 


The MAX425/426 
output 
stage 
is a high-speed, 
low- 
gain amplifier 
with 300n output impedance 
and a fixed 


gain of 10dB. 
Low output 
impedance 
makes 
these 


amplifiers 
relatively 
insensitive 
to load changes. 
And 


with ±5V power 
supplies, 
the amplifiers 
can drive 
a 


10kn load rail-to-rail, 
or a 2kn load to ±4V. 
Unlike early 


chopper-stabilized 
amplifiers, 
there 
are no separate 


signal 
paths 
for 
AC 
and 
DC 
signals 
in 
the 


MAX425/MAX426, 
so phase error due to intermodula- 


tion distortion 
is nonexistent. 


Micropower Op Amps and 


Their Application Requirements 


______ 
Typical Output Loads 


A host of parameters 
come to bear when an op amp 


operates in a low-power, 
low-voltage application. 
Not all 


can be picked from the spec table in a data sheet. 


To achieve very low supply currents, an amplifier usually 
compromises on characteristics that are taken for granted by 
designers familiar with more conventional op amps 
One 


such characteristic is the ability to drive low-valued resistive 
loads; another is the ability to remain stable while driving a 
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Figure 8. MAX406 Driving 
lMQ//l00pF 


capacitive 
load. 
The latter is especially challenging 
as 
the supply current approaches 
1~. 


The MAX406 ultra-low-power op amp, capable of driving a 
wide range of resistive and capacitive loads, draws less than 
1.2~ 
from ±2.5V supplies 
Itsoutput swing vs. resistive load 
under these conditions (Figure 7) shows that the device 
successfully drives load resistances well below the 1MQ 
guaranteed in the data sheet. 


Capacitive-load 
capability 
is also impressive-for 
a low- 


power op amp-when 
driving a ±1.25V square wave into 
a load of lMQlll000pF 
(Figure 8). 


Usable 
Signal Range 


In designs 
where analog 
circuitry 
must operate 
at low 
power or low supply voltage (or both), the operating signal 
range receives more attention than most other parameters. 
With limited dynamics, 
you must utilize every bit of the 
available operating range. An unregulated battery voltage 
compounds the problem because the signal range shrinks 
as the voltage falls. 


The operating 
signal range 
is even more important 
in 
single-supply systems where signal ground coincides with 
the most negative supply voltage. 
Of particular interest is 


the amplifier's response to signals that swing all the way to 
ground, especially in battery-powered 
systems. 


Operating 
signal 
range 
vs. 
load 
resistance 
for the 


MAX406 
at unity gain (Figure 
9) differs 
slightly 
com- 
pared to a gain of two (Figure 
10). 
As a sidenote, 
the 
signal range is the same in high-speed 
mode as it is in 
unity-gain 
mode at a gain of two. The amplifier operates 
on a single 
5V supply 
in these figures, 
and the load 
connects 
between 
ground 
and the amplifier's 
output. 


Output swing decreases 
with load resistance as you can 


see, but it includes 
ground 
in all cases. 
The usable 
output range in these graphs is defined as that for which 
the output error is less than the amplifier's 
Vas. 


___ 
Single-Supply 
Considerations 


When choosing op amps for use in a single-supply system, 
pay close attention to the input-voltage 
range and the 
output voltage swing-specs 
that are much less important 
in a dual-supply system. The input range must often extend 
down to ground, the most negative level in a single-supply 
system, to insure that low-level signals near zero volts are 
not 'lost'. The output swing, with respect to ground, is also 
important for the same reason. 


In addition, an op amp's input and output range that extends 
close to the positive supply will maximize the operating signal 
range-a 
greater concern in 5V systems than 12V or 15V 


systems. 
Amplifier noise, offset, and drift are also more 


troublesome intoday's low-voltage (5V or less) single-supply 
systems because they, in addition to the voltage swing 
performance, limit the system's dynamic range. 


Power supply current is also an issue in the selection of IC 
components because most single-supply systems are also 
portable and battery powered. 
Accordingly, 
the operating 
and standby currents of ICs are among the most important 
specs in these systems. 


Op amp users must understand that noise and grounding 
problems 
become more pressing 
as the supply voltage 
and signal 
ranges decrease. 
Ouality of the pc-board 
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ground is much more important in a single-supply 
system 
because 
the signal ground 
is identical 
with the power 


return to the negative rail. 
In a split-supply system, most 
supply 
current 
flows 
(for example) 
from 
15V to -15V. 


"Ground" acts as a reference but carries little current; the 
ground potential therefore remains unaffected 
by supply 
current to the components. 
The negative rail's separation 


from ground helps reduce noise, oscillation, and interfer- 
ence. Because single-supply systems lack this advantage 
over split supplies, they require a more careful layout. 


__ 
Benefit of Micropower CMOS 


The extremely low input bias current of CMOS op amps 
is an advantage 
if the input signal's source impedance 
is 
large; the low bias current 
produces 
minimal 
voltage 
errors across the resistance. 
In most micropower 
appli- 


cations, 
the source 
impedance 
is very large (typically 


1MQ to 10MQ) in order to keep power consumption 
as 
low as possible. 
The MAX406's 0.1 pA input bias current 
virtually eliminates any unwanted currents that would be 
multiplied 
by the source impedance 
to produce 
an error 
voltage. 
For example, 0.1 pA multiplied 
by a 5MQ source 


impedance 
produces 
an error of only 50/-lV. 


Low-Power 
Light-Detector 


__________ 
Alarm Circuit 


In photodiode 
current-to-voltage 
applications 
where very 
small 
current 
changes 
must 
be 
resolved 
(several 
nanoamps), 
the op amp must have a significantly 
lower 
input bias current than the magnitude of the current being 
measured. 
The 
battery-powered 
photodiode 
circuit 
shown in Figure 11 sounds an alarm when it detects light. 
If the door to a secured area is opened, for example, light 
triggers 
the alarm and it remains on even if the door 
should 
close, 
until the reset is actuated. 
The circuit 


requires an op amp with low supply current and fairly low 
bias current, 
and the MAX406 fits that description-its 
supply 
current 
is 1.2/-lA max and 
its bias 
current 
is 


typically less than 0.1 pA. 


The MAX406 operates 
as a comparator 
and as a latch. 


Photocurrent 
resulting from light on the photodiode 
flows 


through the parallel combination 
of R2 and R3, adding 


SIEMENS 


BP104 
PHOTOOIOOE 
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voltage 
to the 4.5V already 
present 
at the op amp's 
inverting 
input. 
When this voltage 
exceeds 
the non- 


inverting 
level (4.7V) the output goes low and pulls the 
non-inverting 
voltage to OV, well below that of the invert- 


ing input. The output remains low when light is removed; 
otherwise 
the alarm would cease. 
To reset the circuit, 


raise the anode of D, to at least 5.2V. 


A similar connection 
that provides 
a low output level in 
the 
inactive 
state 
is not recommended 
because 
the 


MAX406 draws higher supply current (30IlA) when over- 
driven to the negative rail. 


Capacitor 
C, assures that voltage on the non-inverting 


input exceeds that of the inverting input when you apply 
voltage to the circuit. 
A fast rise in the supply voltage at 
turn-on may call for a larger capacitor. 
Thus, the capac- 


itor assures that the output does not go low (and stay 
there) during power-up 
with no light present. 


A 4-Channe', 
1.3A Samp'e-and-Ho'd 


Sample/hold 
circuils 
often 
require 
op amps with low 


bias current 
such as the battery-powered 
application 


shown 
in Figure 
12. 
In this 
case-a 
system 
that 


samples 
four transducer 
signals 
for the input 
of an 


A/D 
converter-the 
op amp 
and the analog 
switch 


both should have low bias current and low supply current. 


Supply 
current 
to 
the 
analog 
switch 
should 
be 


comparable 
to that 
of the op amp 
(1.0IlA 
typical). 


But the switch 
shown 
draws 
150llA 
with ±15V 
sup- 


plies. 
Though 
lower 
when 
operating 
with 
a 9V 


battery, 
this 
current 
is not 
in the 
required 
range 


unless 
a simple 
step 
is taken: 
Digital-logic 
levels 


applied 
to the switch-select 
inputs 
must 
swing 
to 
the 
supply 
rails-from 
near 
ground 
to near 
9V in 


this case. 
Driving 
the digital 
inputs 
in that manner 


turns 
off 
current-hungry 
level 
translators 
in the 


switches, 
thereby 
lowering 
the IC's supply 
current 
to only 
100pA 
(typical). 


Because the op amp's input bias current is typically less 
than 0.1 pA and the switch leakage 
current 
is typically 
0.1 pA, the hOld-capacitor 
value can be relatively small, 
reducing the acquisition time while minimizing droop. The 
worst-case 
current 
(O.2pA), drawn 
from a 100pF hold 


capacitor, 
causes a droop of only 21lV over a hold time 
of 1msec. 
Hold capacitors 
with dielectrics 
of polypro- 


pylene or polystyrene 
are recommended 
for low dielec- 


tric-absorption 
error as well as low leakage. 


___ 
Low-Frequency App'ications 


Op amps with low input bias current 
are useful in low- 


frequency 
applications 
such as filters, oscillators, 
and 


integrators. 
The low bias current allows use of higher- 
valued resistors, which in turn enables the use of smaller 
and therefore less expensive 
capacitors. 


_____ 
A "Switching" Op Amp 


The MAX425/426 
op amps boast precision 
specs 
that 


attribute largely to the unique input switching 
stage. 
By 


swapping 
inputs and outputs 
at approximately 
300Hz, 


this stage nulls internal errors such as thermal drift, input 
offset, low-frequency 
(1/f) noise, and power-supply 
sen- 


sitivities. Common-mode 
errors that vary slowly with re- 


spect to 300Hz are dramatically 
reduced 
as well. 


Because low-frequency noise appears to the correction cir- 
cuitry as a slowly varying offset, this noise is removed (about 
300nV/v'RZat 1Hz before switching) inthe same way as offset. 
The amplifier's 
primary 
noise contribution, 
therefore, 
is 
wideband noise at the switching frequency. 
After demodu- 


lation, this wideband noise appears as low-frequency output 
noise-typically 
17nV/v'RZ at 300Hz for the MAX425/426. 


Wideband noise in the 1kHz to 100kHz bandwidth range is 
typically 2.5llVrms, which corresponds 
to a noise voltage 


density of 8nV/v'RZthroughout the band. 


The switching 
amplifier's 
differential 
input stage swaps 


its input and output connections 
repeatedly, 
at the clock 


frequency. 
The example of Figure 13a assumes a 1mV 


offset (mismatch) 
between 
MOSFETs P1 and P2. 
This 


offset generates an output of: 


VOUT = 100(VIN-1mV) = 100VIN-100mV 


When the inputs 
and outputs 
of P1 and P2 are inter- 
changed 
(Figure 
13b), 
the 
output 
voltage 
becomes 


100VIN+100mV. 
Switching 
the 
connections 
thus 


changes the polarity of the offset but not that of the input 
signal. 
For a 50% duty cycle, 
the output 
averages 
to 


100mV while the offset averages to zero. 


The amplifier output then consists of the desired 
signal 


plus a small superimposed 
square wave whose ampli- 
tude is the internal offset voltage. 
This amplitude 
in the 


MAX425/426 
is reduced 
by digital 
autozeroing 
to less 


than 11lV. 
____________ 
Reference 


"Grounding 
and shielding techniques 
in instrumentation" 


by Ralph Morrison, Wiley and Sons, is thorough, 
practi- 


cal, and strongly recommended 
as a readable 
and real- 


istic treatment of this subject. 
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High-Speed, Micropower Op Amps 


_______ 
General Description 


The MAX402/MAX403 
high-speed, 
micropower 
op amps 
are fabricated 
with Maxim's high-frequency 
complemen- 
tary bipolar process. 
These devices feature a combina- 


tion of high-speed 
performance 
and low-power operation 


that offers significant 
improvement 
over other available 
op amps. 


The MAX402 guarantees 
a 5V/lls slew rate and 1.4MHz 
bandwidth 
while drawing 
only 751lA of supply 
current. 


For applications 
requiring increased speed, the MAX403 


guarantees 
a 25V/lls 
slew rate and 7MHz 
bandwidth 


while 
drawing 
a maximum 
supply 
current 
of 3751lA. 


These micropower 
op amps have excellent 
load-driving 


capability 
±3.6V into a 10kQ load for both amplifiers, 
and ±3.3V into a 2kQ load for the MAX403. 
Both op amps 
are unity-gain 
stable and operate from ±3V to ±5V sup- 


plies, or a single supply from +6V to + 1OV. 


The combination 
of high speed and low power makes the 
MAX402/MAX403 
ideal for high-speed, 
battery-powered 


applications. 


__________ 
Applications 


Low-Power Signal Processing 


Portable Instruments 


Remote Sensors 


.;MAXI.;M 


MAX402 
MAX403 


MAX402 


• 
l.4MHz 
Min Unity Gain Bandwidth 


• 
5V/lls Min Slew Rate 


• 
751lA Max Supply Current 
MAX403 


• 
7MHz Min Unity Gain Bandwidth 


• 
25V/lls Min Slew Rate 


• 
3751lA Max Supply Current 


PART 
TEMP. RANGE 
PIN·PACKAGE 


MAX402CPA 
O·C to +70·C 
S Plastic DIP 


MAX402CSA 
O·C to+70·C 
SSO 


MAX402C/D 
O·C to +70·C 
Dice" 


MAX402EPA 
-40"C to +S5·C 
S Plastic DIP 


MAX402ESA 
-40"C to +S5·C 
SSO 


MAX403CPA 
O·C to +70·C 
S Plastic DIP 


MAX403CSA 
O·C to +70·C 
SSO 


MAX403C/D 
O·C to +70·C 
Dice" 


MAX403EPA 
-40"C to +S5·C 
S Plastic DIP 


MAX403ESA 
-40·C to +S5·C 
SSO 


MAX403MJA 
-55·C to + 125·C 
SCERDIP 


" Contact factory for dice specifications 
and military temperature 
range availability. 
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High-Speed, Micropower 
Op Amps 


ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage (V+ to V-) 
12V 


Input Voltage Range 
(V+ +0.3V) to (V- - 0.3V) 
Differential 
Input Voltage 
V+ to V- 
Short-Circuit 
Current Duration 
. . 
Indefinite 
Maximum 
Current into Any Pin 
... 
50mA 
Continuous 
Power Dissipation 
(TA = +2S'C) 
8-Pin Plastic DIP . 
8-Pin CERDIP 
8-Pin SO 


Operating 
Temperature 
Ranges: 


MAX40 
C 
.............•.. 


MAX40_E 
__ 


MAX403MJA 
Storage Temperature 
Range 
. 


Lead Temperature 
(soldering, 
10 see) . 


O'C to +70'C 
-40'C to +85'C 


-55'C to +125'C 
-65'C to +1S0'C 
+3OO'C 
375mW 
500mW 
471mW 


Stresses 
beyond 
those listed under 
"Absolute 
Maximum 
Ratings' 
may cause 
permanent 
damage 
to the device. 
These are stress ratings 
only, and functional 


operation 
of the device 
at these or any other conditions 
beyond 
those indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 


absolute 
maximum 
rating conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL CHARACTERISTICS 


(V+ = 5V, v- = -5V. TA = +25'C, 
unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MAX402 
MAX403 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset Voltage 
Vas 
0.5 
2 
0.5 
2 
mV 


Offset Voltage Tempco /!,vos/l!. T 
TCVos 
TA = TMIN to TMAX 
25 
25 
livrc 


Input Bias Current 
Is 
±2 
±5 
±10 
±25 
nA 


Input Voltage Range 
IVR 
±3.5 
±3.8 
±3.5 
±3.8 
V 


Differential 
Input Resistance 
RIN (DIFF) 
90 
18 
MQ 


Common-Mode 
Input Resisitance 
RIN(CM) 
1 
1 
GQ 


Input Noise Voltage Density 
fa = 10Hz 
43 
33 
nV/vHz 
en 
fa = 1000Hz 
26 
14 


Input Noise Current Density 
in 
fa = 10Hz 
006 
025 
pNVHz 
fa = 1000Hz 
0.03 
0.07 


Common-Mode 
Rejection Ratio 
CMRR 
VCM =±3.5V 
75 
95 
66 
80 
dB 


Power-Supply 
Rejection 
Ratio 
PSRR 
Vs = ±4.sV to ±S.SV 
56 
65 
60 
70 
dB 


Large-Signal 
Gain 
AVOL 


RL = 10kQ 
68 
75 
80 
dB 


RL = 2kQ 
68 
75 


Output Voltage Swing 
VOUT 


RL = 10kQ 
±3.6 
±3.9 
±3.6 
±3.9 
V 


RL = 2kQ 
±3.3 
±3.6 


Short-Circuit 
Output Current 
Isc 
3 
5 
mA 


Slew Rate 
SR 
10kQ 1120pF load 
5 
7 
25 
40 
Vilis 


Gain Bandwidth 
GBW 
10kQ 1120pF load 
1.4 
2 
7 
10 
MHz 


Quiescent 
Current 
IQ 
40 
50 
75 
200 
250 
375 
IiA 
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ELECTRICAL CHARACTERISTICS 


(V+ = 5V, v- = -5V, TA = o·C to +70·C, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MAX402C - A 
MAX403C -A 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset Voltage 
Vos 
4 
4 
mV 


Input Bias Current 
Is 
±10 
±50 
nA 


Input Voltage Range 
IVR 
±35 
±3.5 
V 


Common-Mode 
Rejection Ratio 
CMRR 
VCM = ±3.5V 
70 
66 
dB 


Power-Supply 
Rejection Ratio 
PSRR 
Vs = ±4.5V to ±5.5V 
54 
60 
dB 


Large-Signal 
Gain 
AVOL 
RL = 10kO 
66 
dB 


RL = 2kO 
66 


Output Voltage Swing 
VOUT 
RL = 10kO 
±3.5 
±3.5 
V 
RL = 2kO 
±3.2 


Slew Rate 
SR 
10kn 1120pF load 
4.5 
22.5 
V/flS 


Gain Bandwidth 
GBW 
10kn 1120pF load 
1.3 
7 
MHz 


Quiescent 
Current 
IQ 
35 
90 
175 
450 
flA 


ELECTRICAL CHARACTERISTICS 


(V+ = 5V, v- = -5V, TA = -40·C to +85·C, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MAX402E - A 
MAX403E - A 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset Voltage 
Vos 
5 
5 
mV 


Input Bias Current 
Is 
±20 
±100 
nA 


Input Voltage Range 
IVR 
±3.5 
±3.5 
V 


Common-Mode 
Rejection Ratio 
CMRR 
VCM = ±3.5V 
68 
66 
dB 


Power-Supply 
Rejection Ratio 
PSRR 
Vs = ±4.5V to ±5.5V 
52 
58 
dB 


Large-Signal 
Gain 
AVOL 
RL = 10kO 
63 
dB 
RL = 2kO 
63 


Output Voltage Swing 
VOUT 
RL = 1OkO 
±3.4 
±3.4 


V 


RL = 2kO 
±30 


Slew Rate 
SR 
10kO I I 20pF load 
4.0 
20 
V/flS 


Gain Bandwidth 
GBW 
10kn I I 20pF load 
1.2 
6 
MHz 


Quiescent 
Current 
IQ 
30 
95 
150 
475 
flA 
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11'S1div 
TIME (llS) 


NONINVERTING, 
AVCl = +1 
VSUPl'lY=±5V, Rl = 10kn//l0pF 


200ns/div 
TIME (ns) 


NONINVERTING, 
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High-SpeedJ Micropower 
Op Amps 


PIN 
NAME 
FUNCTION 


1,5 
NULL 
Offset-Voltage 
Adjustment 


2 
IN- 
Inverting 
Input 


3 
IN+ 
Noninverting 
Input 


4 
V- 
Negative 
Power Supply 


6 
OUT 
Amplifier 
Signal Output 


7 
V+ 
Positive Power Supply 
8 
N.C. 
No Connect 


____ 
Applications 
Information 


Input Offset-Voltage Adjustment 


Pins 1 and 5 (NULL) null the input offset voltage. To adjust 
amplifier offset, connect a potentiometer 
between the two 
NULL pins with the wiper connected 
to V-, as shown in 


Figure 1. A 10kQ potentiometer 
should be used with the 


MAX402, 
while 
a 2kn 
potentiometer 
is recommended 


with the MAX403. 
The offset voltage 
can be adjusted 


approximately 
±6mV with these trim potentiometers. 


Ao'IAXIAo'I 


MAX402 
MAX403 


Operating Supply Voltage 


The MAX402/MAX403 
are specified with ±5V power sup- 


plies, but also operate with dual supplies down to ±3V or 
single supplies 
ranging 
from +6V to + 10V. 
The input 
voltage range for normal amplifier operation 
is between 
V- + 1.5V and V+ -1.5V. 
For example, with a single +6V 


supply, the common-mode 
input voltage ranges between 


+ 1.5V and +4.5V. 


Layout and Bypassing 


The MAX402/MAX403 
power-supply 
inputs 
should 
be 


bypassed 
with O.1!!F ceramic 
capacitors 
positioned 
as 


close to the power-supply 
pins as possible. 
To obtain 


maximum performance, 
a ground plane should be used. 


This is especially 
important 
for high-frequency 
applica- 


tions. 
Minimize 
lead lengths 
in connections 
from the 


power-supply 
bypass 
capacitors 
to ground 
to further 


reduce inductance. 
Connections 
to the amplifier's 
input 


terminals should be as short and direct as possible, with 
a minimum of inductance. 


Overload Conditions 


The MAX402/MAX403 
inputs withstand 
differential 
volt- 
ages equal to the power-supply 
rails, without 
requiring 


external clamp diodes or input current-limiting 
resistors. 


Schottky diodes, used internally throughout 
the devices, 


prevent saturation of the internal transistors and allow the 
amplifiers to recover quickly from overload conditions. 


The output 
stages 
of the MAX402/MAX403 
employ 
a 


current-limit 
circuit that prevents damage to the amplifier 


in the event of a fault condition. 
The output 
may be 


shorted to either power supply or ground for an indefinite 
time without damage. 
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Ultra-Low Power CMOS Operational Amplifier 


_______ 
General Description 


The MAX406 is a low-voltage, 
micropower, 
precision op 
amp designed 
for battery-operated 
systems. 
It features 


a 1!!A quiescent 
current that is relatively constant 
over 


the entire supply 
range 
in both unity-gain 
stable 
and 
high-speed 
modes of operation. 
This represents 
a sig- 
nificant 
improvement 
in supply 
current 
over industry- 
standard 
micropower 
op 
amps. 
A unique 
design 
technique 
allows the device to operate at ultra-low qui- 
escent current while maintaining 
linearity under loaded 


conditions. 
The output is capable of sourcing 2mA when 
powered by a 9V battery and driving smaller loads from a 
3V battery. 
The MAX406 common-mode 
input-voltage 
range extends from the negative supply rail to within 1.1V 
of the positive supply, and the output stage swings rail-to- 
rail. The MAX406 maintains good DC characteristics, 
min- 


imizing the input referred errors. 


The MAX406 
has two modes 
of operation: 
unity-gain 
stable mode and high-speed 
mode. 
When BW (pin 8) is 
left floating 
or connected 
to V-, the amplifier 
is in the 
unity-gain stable mode with a 5V/ms typical slew rate and 
a gain-bandwidth 
of 8kHz. Connecting 
BW to the positive 
rail puts the MAX406 into the high-speed 
(uncompen- 


sated) mode with a 20V/ms typical slew rate and a 40kHz 
gain-bandwidth 
(AvCl ~ 2VN) 


Battery-Powered 
Systems 


Medical 
Instruments 


Electrometer 
Amplifiers 


Intrinsically 
Safe Systems 


Photodiode 
Pre-Amps 


pH Meters 
____ 
Typical Operating 
Circuit 


• 
1.2!J.AMax Quiescent Current 


• 
+2.5V to +10V Supply Range 


• 
O.5mV Max Offset Voltage (MAX406A) 


• 
< O.1pA Typical Input Bias Current 


• 
Output Swings Rail-to-Rail 


• 
Input-Voltage 
Range Includes Negative Rail 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MAX406ACPA 
O'C to +70"C 
8 Plastic DIP 


MAX406BCPA 
O'Cto 
+70'C 
8 Plastic DIP 


MAX406ACSA 
O'Cto 
+70'C 
8S0 


MAX406BCSA 
O'C to +70"C 
8S0 


MAX406BC/D 
O'C to +70'C 
Dice' 


MAX406AEPA 
-40'C to +85'C 
8 Plastic DIP 


MAX406BEPA 
-40'C to +85'C 
8 Plastic DIP 


MAX406AESA 
-40"C to +85"C 
8S0 


MAX406BESA 
-40'C to +85'C 
8S0 


MAX406AMJA 
-55'C to + 125'C 
8CERDIP 


MAX406BMJA 
-55'C to + 125'C 
8CERDIP 


/"'I/J 
X 1/"'I 
Maximtntegrated 
Products 
3-23 


/vl/J XI/vI 
is a registered 
trademark 
of Maxim Integrated 
Products. 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 
Total Supply Voltage (V+ to V-) 
12V 
Input Voltage 
(V+ 
+ 0.3V) to (V- - 0.3V) 


Continuous 
Current Pins 2 and 3 . . 
10mA 


Continuous 
Current Pins 1, 5, 6, and 8 
50mA 


Short-Circuit 
Duration. 
. .... 
Indefinite 
Continuous 
Total Power Dissipation 
(TA; 
+70·C) 
8-pin Plastic DIP (derate 6.9mWrC above +70·C) 
. 


8-pin SO (derate 588mWrC 
above +70·C) 
. 
8-pin CERDIP (derate 8.0mWrC above + 70·C) . 


Operating 
Temperature 
Ranges: 


MAX406_CPNCSNBCD 
.. . . . . . . . • . 
O·C to +70·C 


MAX406_EPNESA 
-40·C to +85·C 


MAX406_MJA 
-55·C to + 125·C 


Storage Temperature 
-65·C to +160·C 


Lead Temperature 
(Soldering, 
10 sec.) 
... 
+300·C 


552mW 
471mW 
640mW 


Note 1: Absolute 
Maximum Ratings apply to packaged 
parts, unless otherwise noted. 


Stresses 
beyond 
those listed under 
-Absolute 
Maximum 
Ratings· 
may cause 
permanent 
damage 
to the device. 
These are stress ratings 
only, and 
functional 
operation 
of the device 
at these or any other conditions 
beyond 
those indicated 
in the operational 
sections 
of the specifications 
is not implied 
Exposure 
to 
absolute 
maximum 
rating conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL CHARACTERISTICS 


(V+ ; +2.5V, v- ; -2.5V; TA; 
+25·C, unless otherwise 
specified.) 


MAX406A 
MAX406B 


PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset Voltage 
Vos 
0.25 
0.5 
0.75 
2 
mV 


Input Bias Current 
Is 
VCM ; OV (Note 2) 
<0.1 
10 
<0.1 
10 
pA 


RL; 
1MO, VOUT; 
±2V 
200 
1000 
100 
500 
Large-Signal 
Voltage Gain 
AVOL 
RL ; 
1MO, VOUT ; ±4V, 
V/mV 


V+ ; 5V, V- ; -5V 
10 
40 
10 
40 


Unity-Gain Stable Mode 
4 
8 
4 
8 
Gain Bandwidth 
GBW 
kHz 


High-Speed 
Mode 
20 
40 
20 
40 


Input-Voltage 
Range 
IVR 
-2.5 
1.4 
-2.5 
1.4 
V 


Output-Voltage 
Swing 
Vo 
RL; 
lMO 
±2.47 
±2.49 
±2.47 
+2.49 
V 


Common-Mode 
Rejection Ratio 
CMRR 
VCM ; -2.5V to + l.4V 
70 
80 
54 
65 
dB 


Power-Supply 
Rejection Ratio 
PSRR 
VIN; 
OV, 
70 
100 
170 
300 
flVN 
V+ ; +2.5V to +7.5V 


Slew Rate 


Unity-Gain Stable Mode 
3 
5 
3 
5 
SR 
V/mSec 


High-Speed 
Mode 
12 
20 
12 
20 


Supply Current 
ISY 
08 
1.0 
1.2 
1.0 
1.2 
flA 


Output Sink Current 
losink 
VOUT; 
OV 
100 
200 
100 
200 
flA 


Output Source Current 
losource 
VOUT; 
OV 
300 
600 
300 
600 
flA 


Supply Voltage (V+ to V-) 
Vs 
25 
10 
2.5 
10 
V 


fo; 
1kHz 
150 
150 
nV/.,[HZ 


Input Noise Voltage 
en 
fo;0.ltol0Hz 
6 
6 
flVp-P 
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ELECTRICAL CHARACTERISTICS 


(V+ = +2.5V, v- = -2.5V; TA = o·C to +70·C, unless otherwise 
specified.) 


MAX406A 
MAX406B 
PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset Voltage 
Vos 
(Note 3) 
0.95 
3.0 
mV 


Offset-Voltage 
Tempco 
TCvOS 
10 
JlVrC 


Input Bias Current 
Is 
VCM = OV 
20 
20 
pA 


RL = lMQ, VOUT = ±2V 
100 
50 
Large-Signal 
Voltage Gain 
AVOL 
RL = lMQ, 
VOUT = ±4V, 
VlmV 
V+ = +5V, V- = -5V 
10 
10 


Output-Voltage 
Swing 
Vo 
RL = lMQ 
±2.45 
±2.45 
V 


Common-Mode 
Rejection Ratio 
CMRR 
VCM = -2.5V to + l.4V 
66 
50 
dB 


Power-Supply 
Rejection Ratio 
PSRR 
VIN = OV, V- = OV 
150 
450 
JlVN 
V+ = +2.5V to +7.5V 


Supply Current 
ISY 
1.6 
1.6 
JlA 


Output Sink Current 
losink 
VOUT = OV 
50 
50 
JlA 


Output Source Current 
losource 
VOUT = OV 
250 
250 
JlA 


ELECTRICAL CHARACTERISTICS 


(V+ = +2.5V, v- = -2.5V; TA = -40·C to +85·C, unless otherwise 
specified.) 


MAX406A 
MAX406B 
PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset Voltage 
VOS 
(Note 3) 
1.10 
3.0 
mV 


Offset-Voltage 
Tempco 
TCvos 
10 
JlVrC 


Input Bias Current 
Is 
VCM = OV 
50 
50 
pA 


RL = lMQ, 
VOUT = ±2V 
50 
25 
Large-Signal 
Voltage Gain 
AVOL 
RL = lMQ, 
VOUT = ±4V, 
V/mV 
V+ = +5V, V- = -5V 
10 
10 


Output-Voltage 
Swing 
Vo 
RL = lMQ 
±2.45 
±2.45 
V 


Common-Mode 
Rejection Ratio 
CMRR 
VCM = -2.5V to + l.4V 
66 
50 
dB 


Power-Supply 
Rejection Ratio 
PSRR 
VIN = OV, 
150 
450 
JlVN 
V+ = +2.5V to +7.5V 


Supply Current 
ISY 
1.7 
1.7 
JlA 


Output Sink Current 
losink 
VOUT= OV 
40 
40 
JlA 


Output Source Current 
losource 
VOUT= OV 
250 
250 
JlA 


Note 3: 
MAX406A: 
Calculated 
from guaranteed 
drift spec. and maximum offset voltage at room temperature. 
The 10JlVrC drift limit 


is 100% tested. 
MAX406B: 
Guaranteed 
100% tested limit. 


Ultra-I.ow Power CMOS Operational Amplifier 


CD 
ELECTRICAL CHARACTERISTICS 
o 
(V+ = +2.SV, V- = -2.SV; TA = -SS·C to +12S·C, unless otherwise 
specified.) 


~i 


MAX406A 
MAX406B 
PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset Voltage 
VOS 
(Note 3) 
1.S 
4 
mV 


Offset-Voltage 
Tempco 
TCvOS 
10 
fJ-VrC 


Input Bias Current 
IB 
VCM = OV 
1.0 
1.0 
nA 


RL = 1Mfl, Your 
= ±2V 
20 
10 


Large-Signal 
Voltage Gain 
AVOL 
RL = 1Mfl, Your 
= ±4V, 
V/mV 


V+ = +SV, V- = -SV 
10 
10 


Output-Voltage 
Swing 
Vo 
RL = 1Mfl 
±2.4S 
±2.4S 
V 


Common-Mode 
Rejection Ratio 
CMRR 
VCM = -2.SV to + 1.4V 
66 
SO 
dB 


Power-Supply 
Rejection Ratio 
PSRR 
VIN = OV, 
1S0 
4S0 
fJ-VN 
V+ = +2.SV to +7.SV 


Supply Current 
ISY 
2.0 
2.0 
fJ-A 


Output Sink Current 
losink 
Your = OV 
20 
20 
fJ-A 


Output Source Current 
losource 
Your 
= OV 
200 
200 
fJ.A 


Note 3: 
MAX406A: 
Calculated 
from guaranteed 
drift spec. and maximum offset voltage at room temperature. 
The 10fJ-VrC drift limit 


is 100% tested. 
MAX406B: 
Guaranteed 
100% tested limit. 
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PIN 
NAME 
FUNCTION 


1 
NULL 
Nulling. 
Connect to one end of 100kQ pot 
for voltage-offset 
nulling. 


2 
IN- 
Inverting 
Input 


3 
IN+ 
Noninverting 
Input 


4 
v- 
Negative 
Power-Supply 
Pin. Connect to (-) 


terminal of power supply or ground. 


5 
NULL 
Nulling. 
Connect to other end of 100kQ pot 
for voltage-offset 
trim (connect 
wiper to V+.) 


6 
OUT 
Output 


7 
V+ 
Positive Supply Pin. Connect to (+) 
terminal of power supply. 


Bandwidth 
Selection 
Pin. Leave floating, 


8 
BW 
connect 
to V- for unity-gain 
stability or 


connect 
to V+ for high speed. 


_______ 
Application 
Hints 


Trimming Voltage Offset 


The MAX406's 
typical 
input offset voltage 
is between 


O.25mV and O.75mV. 
If the application 
requires 
addi- 


tional offset adjustment, 
connect 
a 100kn 
trimpot 
be- 


tween pins 1, 5. and 7, as shown in Figure 1. 


Input Overdrive Vs Supply Current 


The supply 
current 
of the MAX406 
remains 
relatively 


constant over the supply 
range as long as the amplifier 


output is not overdriven 
to the negative supply 
rail. 
For 


example. when connecting 
the amplifier as a comparator 


and applying 
a -1OOmVinput, supply current rises above 


the 1JlAtypical value and varies with supply voltage. 
This 


can be seen in the Supply Current Vs Supply Voltage in 
Overdrive graph in the Typical Operating Characteristics. 


Total Supply-Voltage Considerations 


Although the MAX406 can operate with supply voltages 
between 2.5V and 10V, its best performance 
is achieved 


with supply voltages below 7V. The Open-LOOp Gain vs 
Supply Voltage graph in the Typical 
Operating 
Charac- 
teristics 
shows that the open-loop 
gain is reduced 
with 


supply 
voltages in excess of 7V. 


Unity-Gain Operation 


The MAX406 is stable in its unity-gain 
mode, even while 


driving heavy capacitive 
loads, and it functions well as a 


buffer 
to slowly 
moving 
signals. 
Input-voltage 
range 


limitations (V- to V+ -1.1 V) will limit the maximum voltage 
swing at the output in unity-gain 
configuration. 


Bandwidth 


The MAX406 can be placed 
in two modes of operation 
by BW (pin 8). 
Connecting 
BW to V-. or left floating, 


internally compensates 
the amplifier which allows unity- 


gain stable operation. 
Connecting 
BW to V+ (uncompen- 


sated) allows the amplifier 
to be used at higher speed 


and stabilizes the amplifier for closed-loop 
gains of 2VN 


or greater. 
______ 
High.Speed 
Stability 


In low-power applications, 
feedback 
resistors are likely to 


be very high values (megohm or greater). 
This can result 


in significant 
phase shift at the summing node which may 


cause instability in the high-speed 
mode. 
A small capac- 


itor (5pF-10pF) 
in parallel 
with the feedback 
resistor 


(between 
the output and IN-) will improve stability. 
The 


high-speed 
mode Large-Signal 
Transient Response pho- 


tographs 
show the stability achieved from a 1OpF capac- 


itor in parallel with the feedback 
resistor. 
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INFORMATION 


Specifications 
Based on Evaluation of Limited Number of Devices 
~~I~JXI~~I 


Dual, Low-Noise, Low-Voltage 


Precision Op Amp 


_______ 
General Description 


The MAX412 dual operational 
amplifier sets a new stand- 


ard for noise performance 
in low-voltage 
systems. Input 


voltage noise density is 100% tested and is guaranteed 
to be less than 2.4nV/'i'RZ at 1kHz. A unique design not 
only combines 
low noise with ± 5V operation, 
but also 
consumes 
less than 2.5mA supply current per amplifier. 
Low voltage 
operation 
is assured 
with a guaranteed 
output voltage swing of ±3.6V into 2k.Q.The MAX412 also 
operates 
from supply voltages 
between ±2.4V and ±5V 
for greater supply flexibility. 


Unity-gain stability, 28M Hz bandwidth, 
and 4.5V/~s slew 
rate ensure low noise performance 
in a wide variety of 


wide band and measurement 
applications. 
The MAX412 
is available in 8-pin DIP and SO packages 
in the industry- 


standard 
dual op amp pin configuration. 


__________ 
Applications 


Low Noise-Frequency 
Synthesizers 


Infrared Detectors 


High-Qualitiy 
Audio Amplifiers 


Accelerometer 
and Gyro Amplifiers 


Magnetic 
Search Coil Amplifiers 


Ultra-Low Noise Instrumentation 
Amplifiers 


Bridge Signal Conditioning 


• 
100% Tested Voltage Noise: 
2.4nVNHz 
Max at 1kHz 


• 
2.5mA Supply Current Per Amplifier 


• 
Low Supply Voltage Operation: 
±2.4V to ±5V 


• 
28MHz Unity-Gain 
Bandwidth 


• 
4.5V/~s Slew Rate 
• 
250~V Max Offset Voltage 


• 
115dB Min Voltage Gain 


• 
2 Amplifiers 
in One 8-Pin DIP/SO 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MAX412CPA 
O'Cto 
+70"C 
8 Plastic DIP 


MAX412CSA 
O"Cto +70"C 
8S0 


MAX412C/D 
O"Cto +70"C 
Dice' 


MAX412EPA 
-40"C to +85"C 
8 Plastic DIP 


MAX412ESA 
-40"C to +85"C 
8S0 


MAX412MJA 
-55"C to + 125"C 
8 CERDIP 
l1li 


Dual, Low-Noise, Low-Voltage 
Precision Op Amp 


ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (V+ to V-) 
Differential 
Input Current (Note 1) 
Differential 
Input Voltage 
. 
Common-Mode 
Input Voltage 
. 


Short-Circuit 
Current Duration 
. 
Continuous 
Power Dissipation 
(TA = +70·C) 


8-Pin Plastic DIP (derate 6.9mWrC 
above +70·C) 


8-Pin SO (derate 5.88mWrC above +7o·C) . 
8-Pin CERDIP (derate 8.omWrC above +7o·C) . 


Operating 
Temperature 
Ranges: 


MAX412C_A 
MAX412E_A 
. 


MAX412MJA 
Storage Temperature 
Range 


Lead Temperature 
(soldering, 
10 see) 


12V 
. ±2omA 
.. 
V+ to V- 


(V+ +0.3V) to (V- -o.3V) 
Indefinite 


o·C to +7o·C 
-40·C to +85·C 


. ... 
-55·C to +125·C 
-65·C to + 150·C 


+300·C 
552mW 
471mW 
640mW 


Nole 1: The amplifier 
inputs are connected 
by internal back-to-back 
clamp diodes. 
In order to minimize noise in the input stage, cur- 


rent-limiting 
resistors are not used. 
If differential 
input voltages 
exceeding 
±1.OV are applied, 
input current should be limited 


t020mA 


Stresses 
beyond 
those listed under 
"Absolute 
Maxirr:um 
Ratings· 
may cause 
permanent 
dama.ge 
to the device. 
These are stress rating~ only, and 
functional 
operation 
of the device 
at these 
or any other conditions 
beyond 
those indicated 
in the operatIOnal 
sections 
of the specifications 
is not Implied. 
Exposure 
to 
absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL CHARACTERISTICS 


(V+ = 5V, v- = -5V, TA = +25·C, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input Offset Voltage 
Vas 
±12o 
±25o 
llV 


Input Bias Current 
Is 
±8o 
±150 
nA 


Input Offset Current 
10S 
+40 
+80 
nA 


Differential 
Input Resistance 
RIN(Diff) 
20 
kQ 


Common-Mode 
Input Resistance 
RIN(CM) 
150 
Mil 


Input Capacitance 
CIN 
4 
pF 


Input Noise-Voltage 
Density 
fo = 10Hz 
7 
nV/.JHz 
en 


fo = 1000Hz (100% tested) 
2 
2.4 


Input Noise-Current 
Density 
in 
fo = 10Hz 
2.6 
pN.JHz 


fo = 1000Hz 
1.2 


Common-Mode 
Input Voltage 
VCM 
+3.5 
+3.7 
V 


-35 
-3.8 


Common-Mode 
Rejection Ratio 
CMRR 
VCM = ±3.5V 
115 
130 
dB 


Power-Supply 
Rejection Ratio 
PSRR 
Vs = ±2.4V to ±5.25V 
96 
103 
dB 


Large-Signal 
Gain 
AVOL 
RL = 2kQ, Vo = 3.6V to -3.7V 
115 
122 
dB 
RL = 600il, 
Va = ±3.5V 
110 
120 


Output Voltage Swing 
VOUT 
RL = 2kil 
+3.6 
+3.7 
V 
-3.7 
-3.8 


Short-Circuit 
Output Current 
ISC 
35 
mA 


Slew Rate 
SR 
10kil//20pF 
load 
4.5 
VlllS 


Unity-Gain 
Bandwidth 
GBW 
10kil//20pF 
load 
28 
MHz 


SettlinQ Time 
ts 
too.1% 
1.3 
llS 


Channel Separation 
CS 
fo = 1kHz 
135 
dB 


Operating-SupplY 
VoltaQe RanQe 
Vs 
±2.4 
±5.25 
V 


Supply Current 
IS 
Both amplifiers 
5 
5.25 
mA 


Dual, Low-Noise, Low-Voltage 


Precision Op Amp 


ELECTRICAL CHARACTERISTICS 


(V+ = 5V, v- = -5V, TA = O'C to +70'C, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input Offset Voltage 
Vos 
±150 
±350 
~V 


Offset-Voltaqe 
Tempco 
tNos/AT 
Over operating 
temperature 
range 
±1 
JlV/'C 


Input Bias Current 
Is 
+100 
+200 
nA 


Input Offset Current 
los 
±80 
±150 
nA 


Common-Mode 
Input Voltage 
VCM 
+3.5 
+3.7 
V 


-3.5 
-3.8 


Common-Mode 
Rejection Ratio 
CMRR 
VCM = ±3.5V 
105 
121 
dB 


Power-Supply 
Rejection Ratio 
PSRR 
Vs = +2AV to +5.25V 
90 
97 
dB 


Large-Signal 
Gain 
AVOL 
RL = 2kQ, Vo = ±36 
110 
120 
dB 
RL = 600Q, Vo = +3.5V 
90 
119 


Output Voltaqe Swinq 
VOUT 
RL = 2kQ 
±3.6 
±37 
V 


Supply Current 
Is 
Both amplifiers 
6.5 
mA 


ELECTRICAL CHARACTERISTICS 


(V+ = 5V, v- = -5V, TA = -40'C to +85'C, 
unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input Offset Voltage 
Vos 
+200 
+400 
JlV 


Offset-Voltaqe 
Tempco 
!!Nos/AT 
Over operatinq 
temperature 
ranqe 
+1 
~V/'C 


Input Bias Current 
Is 
±130 
±350 
nA 


Input Offset Current 
los 
±100 
+200 
nA 


Common-Mode 
Input Voltage 
VCM 
+3.5 
+3.7 
V 


-3.5 
-36 


Common-Mode 
Reiection Ratio 
CMRR 
VCM = +3.5V 
105 
120 
dB 


Power-Supply 
Rejection Ratio 
PSRR 
Vs = ±2AV to ±5.25V 
90 
94 
dB 


Large-Signal 
Gain 
AVOL 
RL = 2kQ, Vo = +3.6V to -3.5V 
110 
118 
dB 


RL = 600Q, Vo = ±3.5V 
90 
114 


Output Voltage Swing 
VOUT 
RL = 2kQ 
+3.6 
+3.7 
V 


-35 
-36 


Supply Current 
Is 
Both amplifiers 
6.5 
mA 


Ell 


Dual, Low-Noise, Low-Voltage 
Precision Op Amp 


C'I 
ELECTRICAL CHARACTERISTICS 


~ 
(V+ = 5V, v- = -5V, TA = -55"C to + 125·C, unless otherwise 
noted.) 


~i 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input Offset Voltage 
Vos 
±200 
±4oo 
llV 


Offset-Voltaqe 
Tempco 
/!"vOs!6T 
Over oDeratina temoerature 
ranae 
±1 
uVrc 


Input Bias Current 
18 
±130 
+350 
nA 


Input Offset Current 
10S 
±loo 
±200 
nA 


Common-Mode 
Input Voltage 
VCM 
+3.5 
+3.7 
V 


-3.5 
-3.6 


Common-Mode 
Rejection Ratio 
CMRR 
VCM = +3.5V 
105 
120 
dB 


Power-Supply 
Rejection Ratio 
PSRR 
Vs = ±2.4V to ±5.25V 
90 
94 
dB 


Large-Signal 
Gain 
AVOL 
RL = 2kn, Vo = +3.6 to -3.5 
110 
118 
dB 
RL = 6000, 
Vo = ±3.5V 
90 
114 


Output Voltage Swing 
VOUT 
RL = 2kn 
+3.6 
+3.7 
V 
-3.5 
-3.6 


Supply Current 
IS 
Both amplifiers 
7 
mA 


ADVANCE INFORMATION 
Based on Evaluation of Limited Number of Devices 
Contact Factory For Product Update 


_______ 
General Description 


The MAX425/MAX426 
precision 
CMOS amplifiers 
pro- 


vide 
input offset 
and 
noise specifications 
superior 
to 
chopper-stabilized 
amplifiers while using no external ca- 
pacitors. 
Two independent 
error-correction 
schemes op- 
erate on-chip: 
A unique input switching 
design reduces 
input offset voltage (Vos) to O.5IlV,while offsets inside the 
amplifier 
are removed 
with digital 
correction 
to reduce 
common-mode 
errors and minimize 
clock 
ripple. 
The 
MAX425 
is unity-gain 
stable 
with 
a 350kHz 
gain- 
bandwidth 
product. 
The MAX426 has a 15MHz gain- 


bandwidth 
product, 
and is stable for closed-loop 
gains 
of 30dB (30V/V) or greater. 


The error-correction 
design 
of the MAX425/MAX426 
is 
completely 
different from chopper-stabilized 
amplifiers. 
Ultra-low VOS is achieved with negligible clock noise, fast 
overload 
recovery, 
improved 
high-frequency 
perfor- 
mance, and reduced 
1/f noise. 
1Hz bandwidth 
noise is 
typically 
100nVp-p. The amplifiers are ideal for precision 
measurement 
applications 
where large, accurate 
gains 
and low noise are required. 
The MAX426 is also ideal 


when wide bandwidth 
is required. 


Signal input and power-supply 
connections 
conform 
to 
the standard 
op amp pin configuration. 
Both devices 
operate 
from ±2.5V 
to ±7.5V 
or from single 
supplies 
ranging from +5V to + 15V They are offered in 8-pin DIP 
and 16-pin wide SO packages. 


Low-Noise DC Amplifier 


Weigh Scales 


Thermocouple 
Amplifiers 


Strain-Gauge 
Vibration Analysis 


_______ 
Pin Configurations 


~~I~JXI~~I 
Ultra High.Precision 


CMOSOpAmps 


• 
250nVp-p Noise (0.1 Hz to 10Hz BW) 


• 
0.51lV Typ Vos 


• 
O.OlIlVrC 
Typ Offset Drift 


• 
No External Components 


• 
Controllable 
Auto-Zero 


• 
190dB Open-Loop 
Gain 


• 
15MHz Gain Bandwidth (MAX426) 


• 
Unity-Gain Stable (MAX425) 


• 
Rail-to-Rail Output Swing 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MAX425C/D 
O"Cto +70"C 
Dice' 


MAX425EPA 
-40"Cto +85"C 
8 Plastic DIP 


MAX425EWE 
-40"Cto +85"C 
16Wide SO 


MAX425MJA 
-55"Cto +125"C 
8 CERDIP 


MAX426C/D 
O"Cto +70"C 
Dice' 


MAX426EPA 
-40"Cto +85"C 
8 Plastic DIP 


MAX426EWE 
-40'C to +85"C 
16Wide SO 


MAX426MJA 
-55"Cto +125"C 
8 CERDIP 


+sv 
A'l 


OvLI 


/&fl/J X I /&fl 
,vl,J X I,VI is a registered trademark of Maxim Integrated Products. 


- 


Ultra High-Precision 
CMOSOpAmps 


ABSOLUTE MAXIMUM RATINGS 
Total Supply Voltage (V+ to V-) 
Input Voltage Range. 
Duration of Output Short Circuit. 
Current into Any Pin (except 
pins 2 and 3) 
Current into Pins 2 and 3 
Continuous 
Total Power Dissipation 
(any package) 


Operating 
Temperature 
Ranges: 
MAX42 _ EPNEWE 
-40"C to +8S"C 
MAX42 _ MJA . 
. -SS"C to + 12S"C 
Storage Temperature 
Range. 
. .. -6S"C to + 160"C 
lead 
Temperature 
(soldering, 
10 sec.) 
+300"C 


.. 
+18V 


(V+ +0.3) to (V- -0.3) V 


Indefinite 
SOmA 
10mA 
300mW 


Stresses 
beyond 
those listed under 
"Absolute 
Maximum 
Ratings' 
may cause 
permanent 
damage 
to the device. 
These are stress ratings 
only, and functional 
operation 
of the device 
at these 
or any other conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL CHARACTERISTICS 


(V+ = +SV, v- = -sV; TA = TMIN to TMAX; lG 
= OV; Auto-Zero 
activated 
after power-up, 
unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input Offset Voltage 
After auto-zero, ClK 
off 
O.S 
S 


(Note 1, 2) 
Vas 
TA = +2S"C 
~V 


Before auto-zero, ClK 
off 
SO 
SOO 


Offset Tempco 
After auto-zero, 
ClK 
off 
O.OOS 
OOS 


(Note 3) 
liVas/liT 
Ilvrc 


No auto-zero, ClK 
on 
0.01 
O.OS 


Offset Tempco 
liVas/liT 
Auto-zero off, ClK 
off 
O.S 
10 
~vrc 


TA = +2S"C 
0.2 
10 


Input Bias Current 
16 
At IN+ and IN-, 
pA 


ClK 
Off (Note 4) 
ClKoff 
TA = +8S"C 
S 
100 


TA=+12S"C 
0.1S 
S 
nA 


Input Bias Current 
At IN+ and IN-, 
Internal ClK 
120 
200 
pA 
(Cha~e 
Injection) 
16 
ClKon 
ClK 
n (Note 4) 
External ClK 
0.4 
pNHz 


large 
Signal Gain 
AvaL 
RL = 10kQ 
140 
190 
dB 


RL = 2kQ 
±3.S 
±4.4 


Output Voltage SWing 
V 


RL = 10kQ 
±4.7 
±4.9 


Common-Mode 
V- =-SV 
+3/-4 


Voltage Range 
CMVR 
V+ = +SV 
V 
V- = OV 
+3/+1 


With auto-zero at CMV 
120 
1S0 


Common-Mode 
Re- 
CMVR = -4V 
jection Ratio 
CMRR 
to +3V 
Internal ClK, 
auto-zero off 
130 
dB 


(Note 1) 


Auto-zero off, ClK 
off 
70 
8S 


Power-Supply 
VsuP = ±4.SV to 
Auto-zero at both limits 
120 
1S0 
Rejection Ratio 
PSRR 
±S.SV 
dB 
(Note 1) 
Auto-zero off, ClK 
off 
80 
9S 


Ultra High-Precision 


CMOSOpAmps 


ELECTRICAL CHARACTERISTICS 
(continued) 


(V+ ; +5V, v- ; -5V; TA; 
TMIN to TMAX; LG ; OV; Auto-Zero 
activated 
after power-up, 
unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


TA; 
+25"C; 
In 0.1Hz to 1Hz BW 
0.1 
Rs; 
100n; 
INp-p 


Internal CLK 
In 0.1Hz to 10Hz BW 
0.25 


Input Noise Voltage 
eN 


TA; 
+25"C; 
In 0.1 Hz to 10Hz BW 
15 
llVp-p 


Rs; 
lOOn; 


In 1kHz to 100kHz BW, 
CLKoff 


Figure 10 
25 
llVRMS 


Gain-Bandwidth 
MAX425 
0.25 
035 


Product 
GBWP 
TA;+25"C 
MHz 


MAX426 
8 
15 


MAX425 
025 
0.4 
Slew Rate 
SR 
TA; 
+25"C 
V/llS 
MAX426 
8 
12 


Operating 
Supply 
475 
1575 
V 
Range 


Supply Current 
ISUp 
No load after auto-zero 
1.2 
1.4 
mA 


Short-Circuit 
Current 
ISC 
TA ; +25"C; VOUT ; OV 
5 
9 
15 
mA 


Switching-Clock 
fC 
TA ; +25"C; CLK pin open 
200 
300 
450 
Hz 
Frequency 


External clock 
VCLK; 
V+ 
6 
20 
CLK Input Current 
ICLK 
operation 
llA 
VCLK; 
OV 
-35 
-100 


AZ Input Logic 
LG ; OV,High level 
2 


Levels 
V 
LG ; OV,Low level 
0.8 


AZ Input Current 
0.1 
10 
llA 


LG Input Current 
5 
20 
llA 


AZ Input Pulse Width 
10 
llS 


AZ Input 
025 
llS 
Transition Time 


MAX425 
125 
200 
Auto-Zero 
Duration 
ms 


MAX426 
31 
50 


Nole1: 
Nole2: 


Nole3: 


Nole4: 


VOS, CMRR, and PSRR errors are all corrected 
during auto-zero operation. 
With CLK on and following 
an auto-zero cycle, the input offset voltage consists of a square wave with a typical amplitude 


~~:icYtFc;~iion is guaranteed 
by design 
and correlates 
with internal amplifier 
parameters. 
Thermocouple 
effects inherent in 
high-speed 
automatic 
test systems prevent measurement 
of these levels in a production 
environment. 


Input bias current is largely a leakage term and doubles 
every 8"C. 
Total input current also includes 
charge 
injection when 
internal CLK is operating, 
or if CLK is driven from an external source. 
See Input Bias Current with CLK on (Charge 
Injection) 
specification. 


Ultra High-Precision 
CMOSOpAmps 


8-PIN 
16-PIN 
NAME 
FUNCTION 
DIP 
SO 


1 
1 
lG 
Auto-Zero 
logic 
Ground- 


usually OV 


- 
2,3,6,7, 
N.C. 
No Connect 
11,14,15 


2 
4 
IN- 
Inverting Op Amp Input 


3 
5 
IN+ 
Noninverting 
Op Amp Input 


4 
8 
V- 
Negative 
Power Supply 


Auto-Zero Status Output - open- 


- 
9 
AZ 
drain p-channel 
FET. Pulled to 
STAT 
V+ during auto-zero cycle. 
FET 


on resistance 
is typically 
500il. 


______ 
Detailed 
Description 


Auto-Correction Circuitry 


The MAX425/MAX426 
unique precision amplifier design 


employs 
two independent 
error-correction 
schemes. 
A 


switching 
input amplifier 
eliminates Vas and minimizes 


1/f noise, and digital 
auto-zeroing 
corrects 
all internal 
amplifier 
stage offsets to remove common-mode 
errors 


and clock ripple. 
Figure 1 shows a block diagram of the 
basic architecture. 
The amplifier can be set to use both, 


a-PIN 
16-PIN 
NAME 
FUNCTION 
DIP 
SO 


Auto-Zero Control Input: 
Pulse 
- 
low to start auto-zero cycle. 
Con- 


5 
10 
AZ 
nect to V+ to turn off. Connect 
with lG to OVto activate auto- 
zero cycles at 1 minute intervals. 


6 
12 
OUT 
Amplifier Signal Output 


7 
13 
V+ 
Positive Power Supply 


Clock Input. leave open for 
300Hz switching clock, connect to 


8 
16 
ClK 
V+ to disable, or drive from clock 
source. With ClK pin open, ClK 
signal is 128 times faster than the 
input switch frequency. 


one, or none of these correction 
techniques. 
Table 1 
outlines the op amp's characteristics 
with various auto- 
correction 
combinations. 


"Switching" Op Amp 


A 300Hz 
internal 
switching 
clock 
switches 
the inputs. 


Internal errors that vary slowly compared 
to 300Hz, such 


as thermal drift, input offset, low-frequency 
noise, power- 


supply 
sensitivities, 
and common-mode 
errors, are all 
dramatically 
reduced. 
Since low-frequency 
noise looks 


C2T 60pF 


v- 


Figure 
1. Block Diagram 
of MAX425 Op Amp 


3-38 
_ 


like 
a slowly 
varying 
offset 
signal, 
1/f noise 
(about 
300nV/.JHZ at 1Hz before switching) is removed the same 
way 
as offset. 
The main 
noise 
contribution 
is from 
wideband 
noise at the input switching 
frequency, which 
is demodulated 
and appears 
as low-frequency 
noise at 
the output. 
In this case, the noise density 
at 300Hz is 
typically 
17nV/.JHZ. 
Wideband 
noise (1kHz to 100kHz) 


is typically 
2.5IlVRMS 
This corresponds 
to a noise volt- 


age density of 8nV/.JHZ. 


In a switching 
amplifier, 
the inputs and outputs 
of the 
differential 
input stage are periodically 
swapped. 
Figure 
2 shows this type of amplifier configured 
with a closed- 


loop gain of 100. The example 
assumes 
a 1mV offset 
(mismatch) 
between P1 and P2. Figure 2A's circuit gen- 
erates an output 
signal of 100(VIN - 1mV), or 100VIN - 
100mV. When the inputs and outputs of P1 and P2 are 
interchanged, 
the 
output 
signal 
becomes 
100VIN + 
100mV. Note: The offset error, but not the input signal, 
has changed 
polarity. Therefore, by switching 
back and 
forth with a 50% 
duty 
cycle, 
the output 
averages 
to 
1OOVINwhile the offset error averages to zero. The output 
then consists of the desired signal with a small superim- 
posed square wave whose amplitude 
is the internal offset 
voltage. The square-wave 
amplitude 
is negligibly 
small 
because 
digital auto-zeroing 
reduces the internal offset 
to less than 11lV. 


Ultra High-Precision 
CMOSOpAmps 


Digital Auto-Zero 
=- 


In addition to switched inputs, the MAX425/MAX426 
also 
~ 


employ 
digital 
auto-zeroing 
circuitry. 
In conventional 
•• 


auto-zero 
schemes, 
capacitors 
store offset correction 
~ 


signals, but require frequent updating 
because 
leakage 
.c.; 
currents soon drain this information 
from the capacitors. 


The MAX425/MAX426 
eliminate this problem 
by storing 
~ 


the corrections 
digitally. A 16-bit DAC, with 0.11lV resolu- 
UII 
tion, supplies the actual error-correction voltage that can- 
~ 


cels the amplifier's 
internal first-stage 
offset voltage. An 
~ 


8-bit DAC performs a similar task in the second amplifier 
~ 


stage. 
~ 


An auto-zero cycle can be initiated manually or at approx- 
_••... 
imately 1 minute intervals by an internal clock. 
An auto- 
•• 


zero cycle 
lasts approximately 
125ms for the MAX425 
~ 


and 31 ms for the MAX426. 
During this time, the AZ input 
0) 


is ignored, 
and the amplifier 
output remains fixed near 
the output level it had just prior to auto-zero. 
The amplifier 
returns to normal operation when the cycle ends. 


Digital correction reduces the need for auto-zeroing. 
Hours 
can pass between auto-zero cycles without loss of DC 
accuracy. 
The only detrimental effect is slight changes in 


clock ripple as internal (but not input) offsets drift without 
correction. 
VOS is still kept within specified 
limits by the 
• 


input switching circuitry. 
In practice, the amplifier is typi- 
cally auto-zeroed during other system calibration routines 
while the signal path is inactive. 


AZ 
ClK 
Correction Mode 
Characteristics 


VOS= 05~V typo 
Inputs switch at 300Hz or at external clock rate. 


L.J 
OPEN 
Input SWitchingOn, 
One auto-zero cycle follows AZ going low. 
ManualAuto-Zero 
Auto-zero disables amplifier for 125ms(31ms - MAX426). 
Clock ripple drops to l~Vp_pafter auto-zero. 
Frequentauto-zeroNOT required for 1~V Vas. 


Input SwitchingOn, 


Vas = O.5~Vtypo 


OV 
OPEN 
Inputs switch at 300Hz or at external clock rate. 
InternalAuto-Zero 
Auto-zero cycles occur at approximately 1 minute intervals. 
Auto-zero disables amplifier for 125ms(31ms- MAX426). 


Vas = O.5~Vtypo 


Input SWitchingOff, 


Input switching disabled. 


V+ 
No clock ripple (clock off) 
L.J 
ManualAuto-Zero 
Vas nulled after auto-zerocycle. 
Auto-zero disables amplifier for 125ms(31ms - MAX426). 
Required auto-zero rate depends on thermal environment. 


Vas < 500~Vmax,50~Vtypo 
Auto-zerodisabled 
V+ 
V+ 
Input SWitchingOff, 
Input switchingdisabled. 


Auto-ZeroOff 
No clock ripple (clock off). 
Lowestinput bias current(O.2pAtypoat +25"C.) 
Worksas an uncorrectedCMOSop amp. 
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Auto-Zero Control Inputs 


AZ controls auto-zero calibration. 
With lG at OV,AZ can 
be driven with TIl 
or CMOS levels as long as V+ and V- 


are not exceeded. 
With ±5V operation, 
lG 
connects 
to 


supply ground and the op amp zeros when AZ is pulled 
within O.8V of lG (Figure 4) for at least 10IlS. The auto- 
zero cycle begins within 21ls and lasts about 125ms for 
the MAX425, 31ms for the MAX426. 
For si~e-supply 


operation, 
lG can be tied to V-. Again, when AZ is pulled 
to within O.8V of lG, the amplifier zeros. 


If AZ is tied low along with lG, 
an auto-zero 
cycle 
is 


internally triggered 
approximately 
once per minute. 
The 


input switching 
clock controls this interval, so ClK 
must 
not be disabled 
if auto-zero cycles 
are to be internally 
triggered. 
When an external clock source is used at the 
ClK 
input, the relation between 
this rate and the time 
between 
auto-zero 
cycles 
is: tAl 
(sec.) 
= 16,384/fCLK. 


Although 
the time between 
cycles 
depends 
on ClK, 
the 
auto-zero 
cycle 
itself 
is timed 
by 
a separate 
3-40 
_ 


Only the internal DAC resolution and the inherent ampli- 
fier noise limit the repeatability 
of the digital 
auto-zero 


circuitry. 
Consequently, 
successive 
auto-zero cycles are 


repeatable 
to within O.1IlVRMS. 


Overload Recovery 


Since digital offset nulling also allows corrections 
to be 


stored 
digitally 
and 
not 
on 
capacitors, 
the 
MAX425/MAX426 
recover 
almost 
immediately 
from an 
overload 
condition. 
The MAX425/MAX426 
typically 
re- 


cover from overload in less than 1OilS, compared 
to tens 


of milliseconds 
for most chopper-stabilized 
amplifiers. 


Figure 3 plots the overload recovery characteristic 
of the 
MAX426. 
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Figure 3. MAX426 Overload Recovery 
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ensure the digital 
calibration 
circuit 
functions 
properly. 


The supply current is about 2.5mA until the first auto-zero 
cycle is initiated. 
Following the initial auto-zero cycle, the 


supply current typically drops to 1.2mA. 


Input Bias Current 


Two independent 
components 
comprise 
the input bias 


current: 
junction 
leakage 
current 
and charge 
injection 


current. 
The junction 
leakage 
current 
comes from the 
input protection 
diodes and the FET switches. 
The input 


protection 
diodes are very compact 
to minimize leakage 
currents. 
Thus, while still maintaining 
overvoltage 
pro- 


tection, the leakage current is approximately 
O.03pA at 


+25°C. Since package and printed circuit board leakage 
can add to this significantly, 
pay 
special 
attention 
to 


layout for accurate measurements. 


The leakage current approximately 
doubles for every 8°C 
rise in temperature. 
This results in an input bias current of 


about 150pA at + 125°C and 1.2nA at +150°C. This current 
tends to track in both input leads. 
For example, the offset 


current at +150°C is typically 20pA. 


The second 
component 
of input bias current is charge 


Injection current. 
This comes from the switching-clock 


circuitry. The bias current from charge injection is directly 
proportional 
to the clock frequency 
and varies with sup- 


ply voltage. 
With ±5V supplies 
and a nominal 
300Hz 


switching frequency, the charge injection current is about 
120pA. 
This current flows into the IN+ terminal and out 
of the IN- terminal. 
At other clock frequencies, 
calculate 


the charge injection current by multiplying the switching- 
clock frequency 
by OApNHz. 
If the switching 
clock is 


disabled, 
there is no charge injection input bias current. 


Charge injection current changes very little with temper- 
ature. 


Below 
+ 125°C, charge 
injection 
current 
is the 
major 
component 
of the total input bias current. Above + 125°C, 


the junction 
leakage 
current 
dominates 
the total input 


bias current. 


In order to cancel the bias current-induced 
input offset 


voltage, 
circuit 
designers 
often add 
extra 
resistors 
to 


match the equivalent 
resistance at each of the amplifier 
Input terminals. 
This technique 
reduces 
the apparent 
Input offset voltage of most op amps because 
the bias 


current usually matches 
in magnitude 
and direction 
be- 


tween the two input terminals. 
Thus, assuming matched 


input bias currents, any voltage at the op amp input due 
to bias current 
appears 
as a common 
mode, 
not a 


differential 
input voltage. 


Bias current cancellation 
resistors should NOT be used 


when the MAX425/MAX426 
are operated with the switch- 


ing clock. 
In this case, the charge 
injection component 


dominates 
the input bias current. 
The charge 
injection 


current 
flows 
in 
opposite 
directions 
in 
the 


------------------------ 
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internal oscillator, independent 
from CLK, that runs only 
during auto-zero calibration. 


During 
auto-zero, 
the amplifier's 
noninverting 
input re- 


mains connected 
to the input signal while the inverting 
input is internally shorted to the non inverting input. 
The 
output 
stage 
is held within 
O.2V of its previous 
level. 


Since 
the amplifier 
is zeroed 
with both signal 
inputs 


shorted 
together 
at IN+, common-mode 
offset error is 
zeroed 
during 
calibration. 
Similarly, DC power-supply 


rejection error is auto-zeroed. 


The auto-zero status function 
(AZ STAT) is available on 
pin 9 of the 16-pin small outline (SO) packages 
only. AZ 
STAT connects 
to the drain of a p-channel 
FET that is 
pulled 
to V+ while 
the device 
executes 
an auto-zero 
command. 
The typical FET on resistance is about 500n. 


By attaching 
a 47kn 
pull-down 
resistor from this pin to 
the system 
logic ground, 
the operator 
can monitor the 
device auto-zero cycle. 


Amplifier Output 


The MAX425/MAX426 
feature 190dB of open-loop 
gain. 
Consequently, the amplifier's closed-loop 
DC gain error is 
negligible in even the most precise high-gain applications. 


Outputs 
can swing from V+ to V- under 
lightly loaded 
conditions. 
Output 
impedance 
is typically 
300n. 
Be- 


cause the MAX425/MAX426 
operate typically 
at 12mW, 
the chip temperature 
rises only 1°C to 2°C above ambient 


temperature. 
Such low self-heating 
minimizes 
thermo- 


couple 
errors. 
Although 
optimized 
for 10kn 
loads, the 
MAX425/MAX426 
drive a 2kn load to within a volt of each 


supply. 
However, 
such 
low-impedance 
loads are not 
recommended 
for 
precision 
applications, 
because 


changes 
in power dissipation 
within the op amp cause 
thermal 
gradients 
that limit performance. 
The current- 


limited output can withstand short circuits to either power 
supply or ground 
indefinitely. 


Power Supply and Input Range 


The MAX425/MAX426 
are specified 
with a 10V (or ±5V) 
power supply, but will also operate with supplies ranging 
from 5V (±2.5V) to 15V (±7.5V). 
When operating 
with a 
15V power supply, the amplifier's 
common-mode 
input 


voltage ranges 
from V- to V+ -2V (Best common-mode 
and power-supply 
rejection 
are achieved 
with VIN be- 


tween V+ -2.5V and V- + 1V) A single 5V supply reduces 
the input common-mode 
voltage 
range to between 
1V 
and 3V 
As with most precision 
analog 
components, 


each supply should be bypassed 
at the amplifier with a 
O.1!J.Fceramic capacitor. 


The MAX425/MAX426 
require 30ms on power-up to allow 
calibration 
Circuits to initialize. 
However, the amplifier 
does 
NOT automatically 
auto-zero 
on power-up. 
The 
MAX425/MAX426 
require a minimum 
supply of 4.5V to 
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Figure 
7. A: Clock Frequency 
vs. Resistance 
(Resistor to V-) 


B: Clock Frequency 
vs. Capacitance 
(Capacitor 
to V+) 


MAX425/MAX426 
input terminals 
Thus, instead of can- 
celling offsets due to bias current flowing through resis- 
tors, the error signals add together and actually increase 
the apparent offset voltage. 


In high-temperature 
applications 
(above + 125°C) where 
the clock isn't used, the junction leakage current compo- 
nent dominates 
the input 
bias 
current. 
The junction 
leakage 
current flows into both amplifier 
inputs. 
When 
operating 
under 
these conditions, 
the circuit 
designer 
should match the resistance paths in both input leads to 
take advantage 
of the excellent 
matching 
of leakage 
currents. 
The input offset current of the MAX425/MAX426 
is typically 
less than 2nA at +200°C 


Internal/External Clock 


The MAX425/MAX426 
internal switching 
clock free runs 
at about 38kHz with no external components 
connected 
to ClK 
and is internally divided 
by 128. A 300Hz input 


.••••••.• 
/J X •.•.•••..• 


switching 
frequency 
results. ClK connects directly to an 


internal 20pF timing capacitor 
where the signal oscillates 
between 
V+ -1V and V+ -2V 
Figure 5 plots a typical 


waveform at ClK. 
The clock frequency 
can be adjusted 
or driven as shown in Figure 6. 


To slow the internal clock, add a capacitor 
between ClK 


and V+. 
To increase clock rate, connect 
a resistor from 
ClK 
to V-. 
The frequency 
should not be increased 
by 
more than a factor of 3 using this technique. 
The oscil- 
lator can also be shut down by driving ClK to within 0.1V 
of V+ or below V+ -3.0V 
Figure 6 shows all of the clock 
operating 
modes. 
Figure 7A shows the typical variation of 
the internal clock frequency vs. resistance between ClK 
and V-. Figure 76 shows the typical variation of the internal 
clock frequency vs. capacitance 
between ClK 
and V+. 


When driving 
ClK 
from an external 
source, 
the input 
signal should 
swing within 0.1V of V+ and at least 3V 
below V+. Standard CMOS logic families do this reliably. 
These levels will override the internal oscillator AND the 
internal divider, so the external clock rate and the input 
switching 
frequency 
will be the same. 
When directly 
driving ClK, 
only a 50% duty-cycle 
square wave can be 
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Figure 8. MAX425/MAX426 
Noise in 10Hz and 1Hz Bandwidths 


(Switching 
Clock On) 
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Figure 
10. MAX425/MAX426 
Wideband 
Noise (1kHz to 100kHz) 
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used for optimum offset correction. 
(The internal divider 
is disabled 
and cannot 
"square 
up" the waveform.) 
If 
necessary, 
a flip-flop 
or divider 
should 
be connected 


between the clock source and the ClK 
input to ensure a 
precise 50% duty-cycle. 
____ 
Applications 
Information 


Noise 


The MAX425/MAX426 
are the first offset-corrected 
op 
amps designed primarily for low-noise performance. 
Clock 


feedthrough, 
ripple, 
low frequency 
(1/f), and wideband 
noise are three to five times lower than present chopper- 
stabilized 
amplifiers. 
Figure 8A shows noise in a 10Hz 


bandwidth below 250nVp-p. Figure 86 shows noise in 1Hz 
bandwidth. 
low noise is especially important where high- 
resolution measurements are made since such noise limits 
resolution and requires excess filtering. 
In Figures 9A and 
96, 10Hz and 1Hz noise are shown with the ClK disabled. 
This noise is greater than that shown in Figure 8 because 
the switching clock no longer removes the amplifier's 1/1 
noise. 
Figure 
10 shows 
the wideband 
noise (1kHz to 
100kHz) of a MAX426. 
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Figure 9 
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Clock Off) 
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Switching-Clock Frequency 


The clock-induced 
input bias current of the amplifier (due 
to the switching 
action) varies directly with the ClK 
fre- 
quency. 
This current is about 120pA with..a300Hz swrtch- 


ing clock and increases at a rate of about OApA/Hz. 
In 


applications 
where 
input 
bias current 
specification 
is 
critical (such as low-level current to voltage converters), 
operate with a low clock frequency 
or disable the clock. 


The input bias current with the clock disabled 
is typically 
o 2pA 
at 
+25'C. 
Even 
without 
the 
clock, 
the 
MAX425/MAX426 
input offset voltage and noise specifi- 


cations exceed those of most CMOS op amps. 


High-Frequency Applications - MAX426 


With a midband 
voltage 
noise density 
of 8nV/'I'HZ, the 
wideband 
MAX426 has the same broadband 
noise as a 
39kn 
resistor. This, along with its 15MHz gain bandwidth, 
makes it a logical choice for high-precision, 
high-speed 


applications. 
Symmetric output drive capability also allows 
the MAX426 to perform out to its gain-bandwidth 
limit. The 
MAX426 is designed to be stable with a closed-loop 
gain 
of 30VN (30dB) or greater. 
Figure 11 shows a MAX426 
operating 
at a closed-loop 
gain of 100VN (40dB). 
The 
input signal is an 80mVp-p square wave at 50kHz. Note the 
high degree of symmetry at the amplifier output. 
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Working with Low-Level Signals 


To take full advantage 
of the MAX425/MAX426 
drift and 
offset capabilities 
when amplifying 
low-level signals, the 


circuit must be laid-out carefully. 
Unfortunately, 
in many 


low-level circuits, a schematic 
alone does not provide all 


the necessary 
information 
for a successful 
design. 
Ex- 
ternal 
characteristics 
that can degrade 
'ideal" 
perfor- 
mance 
include 
thermoelectric 
effects, 
noise 
pickup, 


board leakage, and improper grounding. 


Thermoelectric 
potentials are created when wires/circuit 
board traces made from dissimilar metals are subjected 
to temperature 
gradients. 
The same principle works with 


thermocouples. 
When it occurs in the input of precision 
circuitry, 
the resulting 
voltage 
(often many microvolts) 
adds 
to temperature 
drift and offset errors. The most 
effective 
way to minimize this is to match the dissimilar 


metals or junctions in the circuit, remove the temperature 
gradient, 
or both. 


Noise pick-up 
is best eliminated 
by minimizing the phys- 
ical size of the input portions of the circuit. 
The summing 
input node (IN-) on high-gain 
stages is critical. Compo- 
nents connected 
to this point should have the shortest 
lead length on the amplifier side, and board traces should 
be as short as possible. 
If input lines must be long, use 


shielded wire. 


Board 
leakage 
can degrade 
amplifier 
performance 
in 
high-gain 
stages 
that employ 
large resistances. 
Even 


low gain may be susceptible 
if signal source impedance 
is very high. 
In such applications, 
a guard ring (Figure 
12) provides a low impedance 
point for external leakage 


currents 
to flow. 
Guard both sides of the board. 
The 


guard potential should be close to that of the inputs. Also 
remove flux and other residue from handling. 
Surface 
coating 
may be desirable 
for harsh environments, 
but 


take extreme care to ensure that contaminants 
are not 


trapped 
beneath the coating. 


Single-point 
grounds 
are mandatory 
for low-level, 
high- 


gain circuits. 
The key is to ensure ground current from 
amplifier 
outputs 
do not generate 
ground 
differentials, 


which are seen by input stages in a way that makes them 
indistinguishable 
from real input signals. 


High- Temperature Operation 


Although the MAX425/MAX426 
are not tested at temper- 
atures 
above 
+ 125'C, 
input-switching 
and 
auto-zero 
functions will operate to about + 150'C. 
At temperatures 


beyond + 150'C, the internal clock will no longer function 
properly, and the amplifier cannot be auto-zeroed. 
But it 
still maintains operation 
as an unswitched, 
nonauto-ze- 


roed CMOS op amp. 
At +200'C, 
input bias current 
is 
typically 50nA, and offset drift is about O.5J.lVrC. Plastic 
packaged 
parts should not be operated 
at ambient tem- 


peratures above + 150'C 


Integrating Analog-to-Digital Converters 


Because of their design flexibility, the MAX425/MAX426 
can be used in many applications. 
For example, as the 
front-end integrator of a dual slope ADC, digital auto-ze- 
roing nulls the offset of the amplifier as it discharges 
the 
integration 
capacitor. 
The switching 
clock mayor 
may 
not be used during signal integration. 
The clock substan- 
tially reduces 
1/f noise. 
Without the clock, input current 
(devoid 
of any switching 
spikes) 
is typically 
less than 
1pA, which is orders of magnitude 
below the input bias 
current of bipolar amplifiers. 
During reference 
integra- 
tion, the switching clock is held off to keep the output free 
of clock glitches. 
MAX425/MAX426 
accuracy 
and noise 
performance 
allow a 20-bit dual slope ADC to be real- 
ized. 


Weigh Scale 


In the weigh-scale 
circuit of Figure 13, two amplifiers (A 1 
and A2) with appropriate 
gain resistors (R1 through R4), 
amplify the differential20mV 
full-scale signal of the strain- 
gauge 
bridge 
by a factor 
of 300. 
This signal 
is then 
filtered and buffered by A3. The filter's approximate 
3Hz 


AUTO-ZERO 


+5V -LJ- 


OV 


Ultra High-Precision 


CMOSOpAmps 


bandwidth 
limits 
output 
noise 
to around 
121lVRMS 
::. 
(40nVRMS referred to the input), which gives a signal-to- 
~ 
noise ratio of 114dB. Scale measurement 
to within a few 
•• 
parts per million is possible. 
~ 


The two amplifiers 
A 1 and A2 are auto-zeroed 
simulta- 
.c.; 
neously. 
This only needs to be done occasionally 
(sev- 
••••• 
eral minutes or more) because the effects of internal drift 
:~ 
appear 
only 
as a small 300Hz 
ripple 
signal 
with 
an 
~. 
average value of zero. This ripple is removed by the 3Hz 
~ 
filter. 
Amplifiers 
A1 and A2 switching 
clocks free run to 
iiiIIIII 
minimize 1/f noise. A31/f noise is not significant because 
~ 
of A3's low gain. 
Figure 13 assumes the strain gauge is 
'"'- 
loaded with a tare weight, so the output signal is always 
~ 
positive. 
Consequently, A3's output is always positive, so 
•• 
A1, A2, and A3 may all be powered 
from a single 
10V 
~ 
supply. 
R7 and C4 keep the voltage 
across 
C3 to a 
v, 
minimum without affecting 
the performance 
of the filter. 


For optimal performance, 
guard traces on the top and 
bottom of the printed circuit board should surround both 
the sensitive nodes where R5, R6 and C2 connect 
and 


the IN+ node of the amplifier. 
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General Description 
Features 


Maxim's 
new MAX480 is a precision 
micropower 
oper- 
• 
Single- or Dual-Supply 
Operation: 
+1.6V to +36V, 
ational 
amplifier 
with flexible 
power-supply 
capability 
±O.8V to ±18V 


and superior 
DC performance 
character,istics 
over the 
• 
True Single-Supply 
Operation: 
Input and Output 
Industry 
standard 
OP90. The 
MAX480.s 
guaranteed 
Voltage Ranges Include 
Ground 


lOIlV maximum 
offset voltage (251lVtyp) IS the lowest of 


any other micropoweropamp. 
This represents a better 
• 
1.S"V/oC 
Max Offset Voltage 
Drift 


than two times 
improvement 
over the hil:lhest grade 
• 
20llA Max Supply 
Current 


OP90A. 
Similarly, 
Input 
bias 
current, 
Input 
offset 


current 
and 
drift 
specifications 
are 
improved 
over 
• 
SmA Min Output 
Drive 


the OP90 Family. 
• 
70llV Max Input Offset Voltage 
Both 
input 
and 
output 
voltage 
ranges 
include 
the 
. 


negative 
supply 
rail, allowing 
maximum 
signal 
range 
• 
3nA Max Input Bias Current 


capability 
in single-supply 
applications. 
The MAX480 
• 
700Y/mV Min Open-Loop 
Gain 


operates with either sin~le supplies ranging from +1.6V 
• 
Standard 
741 Pin Out With Nulling 
to V- 


to +36V or dual 
supplies 
from 
±0.8V 
to ±18V. The 


MAX480 consumes 
less than 20"A, allowing 
operation 
• 
Improved 
OP90 Replacement 
in excess of 10,000 hours from a 250mA-hr 
lithium coin 


cell. Even with a minimal 
quiescent 
current, 
the ampli- 


fier sinks or sources 5mA from its output. 


The MAX480 is available in 8-pin DIP and Narrow Small 
Outline 
(SO) packages 
in commercial, 
extended 
and 
Ordering Information 


military 
temperature 
ranges. 
-------- 


__________ 
Applications 


Precision 
Micropower 
Amplifiers 


Micropower 
Signal Processing 


Battery-Powered 
Analog Circuits 


PART 
TEMP. RANGE 
PIN·PACKAGE 


MAX48DCPA 
DOCto +7DoC 
8 Plastic DIP 


MAX480CSA 
DOCto +7DoC 
8 Narrow 
SO 


MAX480EPA 
_40° C to +85° C 
8 Plastic 
DIP 


MAX480ESA 
-4Q°C to +85°C 
8 Narrow 
SO 


MAX48DMJA 
-55°C 
to +125°C 
8 CERDIP 
&I 


High-Precision, Low- Voltage, 
Micropower Operational Amplifier 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


Supply 
Voltage 
(V+ to V-) 
±18V 


Internal 
Power 
Dissipation 
500mW 


CERDIP 
(J) - 
derate 
at 8.0mW/oC 
above +70°C 


Plastic 
DIP (P) - 
derate 
at 6.9mWfOC 
above +70°C 
Small Outline 
(S) - 
derate 
at 5.88mW/oC 
above +70°C 
Differential 
Input Voltage 
[(V-}-20V] 
to [(V+)+20V] 


Common-Mode 
Input 
Voltage 
[(V-)-20V] 
to [(V+)+20V] 


Output 
Short-Circuit 
Duration 
Indefinite 


Note 1: Absolute 
maximum 
ratings 
apply 
to packaged 
parts, unless otherwise 
noted. 


Operating 
Temperature 
Range 


MAX480 
(CPA, CSA) 
O°C to +70°C 


MAX480 
(EPA, ESA) 
-40°C 
to +85°C 


MAX480MJA 
-55°C 
to +125°C 


Junction 
Temperature 
(TJ) 
•••••••..••••. 
-65°C 
to +150°C 


Storage 
Temperature 
Range 
-65°C 
to +150°C 


Lead Temperature 
(Soldering, 
10 sec.) 
+300° C 


Stresses 
beyond 
those listed under 
''Absolute Maximum 
Ratings" 
may C8')S9 
permanent 
damage 
to the device. 
These are stress ratings 
only, and 
functional 
operation 
of the device at these or any other conditions 
beyond 
those indicated 
in the operational 
sections 
of the specifications 
is not 
implied. 
Exposure 
to absolute 
maximum 
rating conditions 
for extended 
periods 
may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(Vs = ±1.5V to ±15V, TA = +25°C, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MAX480 
UNITS 
MIN 
TYP 
MAX 


Input Offset Voltage 
Vos 
25 
70 
IJV 


Input Offset 
Current 
los 
VCM= OV 
0.2 
1 
nA 


Input Bias Current 
IB 
VCM= OV 
1 
3 
nA 


Vs = ±15V, Vo = ±10V 
RL = 100kO 
700 
1200 


RL = 10kO 
350 
600 
RL = 2kO 
125 
250 
Large Signal 
Voltage Gain 
Avo 
V/mV 


V+ = 5V, V- = OV,1V~0<4V 
RL = 100kO 
200 
400 
RL = 10kO 
100 
180 


Input Voltage 
Range 
IVR 
V+ = 5V, V- = OV 
0/4 
V 
Vs = ±15V (Note 2) 
-15/13.5 


Vs = ±15V 
Vo 
RL = 10kO 
±14 
±14.2 


Output 
Voltage Swing 
RL = 2kO 
±11 
±12 
V 


VOH 
V+ = 5V, V- = OV, RL = 2kO 
4.0 
4.2 


VOL 
V+ = 5V, V- =,OV, RL = 10kO 
100 
500 
IJV 


Common-Mode 
Rejection 
Ratio 
CMRR 
V+ = 5V, V- = OV,OV~cM<4V 
90 
110 
dB 
Vs = ±15V, -15V~CM<13.5V 
100 
130 


Power-Supply 
Rejection 
Ratio 
PSRR 
1.0 
56 
IJVN 


Slew Rate 
SR 
Vs = ±15V 
5 
12 
V/ms 


Supply 
Current 
Isy 
Vs = ±1.5V 
9 
15 
IJA 
Vs = ±15V 
14 
20 


Capacitive 
Load Stability 
Av = +1 
250 
650 
pF 
No Oscillations 
(Note 3) 


Input Noise Voltage 
enp_p 
fo = 0.1Hz to 10Hz, Vs = ±15V 
3 
IJVp-p 


Input Resistance Differential Mode 
R'N 
Vs = ±15V 
30 
MO 


Input Resistance Common Mode 
R,NCM 
Vs = ±15V 
20 
GO 


High-Precision, 
Low- Voltage, 
Micropower 
Operational 
Amplifier 


ELECTRICAL CHARACTERISTICS 
I: 


(Vs = ±1.5V to ±15V, TA = TMINto TMAX,unless otherwise 
noted.) 
• 


~Q)o 


PARAMETER 
SYMBOL 
CONDITIONS 
MAX480C 
MAX480E 
MAX480M 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset 
Vos 
40 
100 
50 
150 
70 
200 
pV 
Voltage 


Input Offset 
TCVos 
0.3 
1.5 
0.3 
1.5 
0.3 
1.5 
pVloC 
Voltage 
Drift 


Input Offset 
los 
VCM= OV 
0.2 
2.0 
0.3 
2.0 
0.5 
2.0 
nA 
Current 


Input Bias 
IB 
VCM= OV 
1 
3 
2 
5 
3 
7 
nA 
Current 


Vs = ±15V, V = ±10V 
RL = 100kO 
500 
950 
500 
800 
225 
400 
RL = 10kO 
250 
400 
250 
400 
125 
240 
Large Signal 
Avo 
RL = 2kO 
75 
125 
75 
150 
50 
110 
VlmV 
Voltage 
Gain 
V+ = 5V, V- = OV, 
1V<Vo<4V 
RL = 100kO 
150 
360 
150 
280 
100 
200 
RL = 10kO 
75 
150 
75 
140 
50 
110 


Input Voltage 
IVR 
V+ = 5V, V- = OV 
0/3.5 
0/3.5 
0/3.5 
V 
Range 
Vs = ±15V (Note 2) 
-15/13.5 
-15/13.5 
-15/13.5 


Vs = ±15V 
Vo 
RL = 10kO 
±13.5 
±14 
±13.5 
±14 
±13.5 
±13.7 


Output 
RL = 2kO 
±10.5 
±11.8 
±10.5 
±11.8 
±10.5 
±11.5 
V 
Voltage Swing 
VOH 
V+ = 5V, V- = OV 
RL = 2kO 
3.9 
4.1 
3.9 
4.1 
3.9 
4.1 


VOL 
V+ = 5V, V- = OV 
pV 
RL = 10kO 
100 
500 
100 
500 
100 
500 


Common- 
V+ = 5V, V- = OV, 
90 
110 
90 
110 
85 
105 
Mode 
CMRR 
OV<VcM<3.5V 
Rejection 
Vs = ±15V, 
dB 


Ratio 
-15V<VCM<13.5V 
100 
120 
100 
120 
95 
115 


Power-Supply 
PSRR 
1.0 
5.6 
1.0 
5.6 
3.2 
10 
pVN 
Rejection Ratio 


Supply 
Isy 
Vs = ±1.5V 
12 
25 
13 
25 
15 
25 
pA 
Current 
Vs = ±15V 
16 
30 
17 
30 
19 
30 


Note 2: Guaranteed 
by CMRR test. 


Note 3: Guaranteed 
by design. 


- 
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OUTPUT 
VOLTAGE SWING 
vs LOAD RESISTANCE 
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High-Precision, Low- Voltage, 


Micropower Operational Amplifier 
_____________ 
Typical Operating 
Characteristics 
(continued) 
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TRANSIENT 
RESPONSE 
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SIGNAL 


TRANSIENT 
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Power-Supply 
Circuits 


AN-4 
MAX4193 
MAX4391 
MAX620 
MAX621 
MAX622 
MAX623 
MAX625 
MAX630 
MAX631 
MAX632 
MAX633 
MAX634 
MAX635 
MAX636 
MAX637 
MAX638 
MAX641 
MAX642 
MAX643 
MAX654 
MAX655 
MAX656 
MAX657 
MAX658 
MAX660 
MAX663 
MAX664 
MAX666 
MAX667 
MAX680 
MAX681 
MAX714 
MAX715 
MAX716 
MAX730 
MAX735 
MAX738 
MAX739 
MAX742 
MAX743 
MAXC001 
MAXL001 


A Designer's 
Guide 
to Maxim 
DC-DC 
Converters 
4-11 
CMOS 
Micropower 
Step-Up 
Switching 
Regulator 
4-45 


CMOS 
Micropower 
Inverting 
Switching 
Regulator 
4-65 


Quad, 
High-Side 
MOSFET 
Drivers 
4-19 


Quad, 
High-Side 
MOSFET 
Drivers 
4-19 


High-Side 
Power Supplies 
4-31 


High-Side 
Power Supplies 
4-31 


Quad, 
High Side Power 
Switch 
4-43 


CMOS 
Micropower 
Step-Up 
Switching 
Regulator 
4-45 


CMOS 
Fixed/Adjustable 
Output 
Step-Up 
Switching 
Regulator 
4-57 


CMOS 
Fixed/Adjustable 
Output 
Step-Up 
Switching 
Regulator 
4-57 


CMOS 
Fixed/Adjustable 
Output 
Step-Up 
Switching 
Regulator 
4-57 


CMOS 
Micropower 
Inverting 
Switching 
Regulator 
4-65 


Preset/Adjustable 
Output 
CMOS 
Inverting 
Switching 
Regulator 
4-77 


Preset/Adjustable 
Output 
CMOS 
Inverting 
Switching 
Regulator 
, 
4-77 


Preset/Adjustable 
Output 
CMOS 
Inverting 
Switching 
Regulator 
4-77 


+5V1Adjustable 
CMOS 
Step-Down 
Switching 
Regulator 
4-85 


Fixed Output 
10W CMOS 
Step-Up 
Switching 
Regulator 
4-93 


Fixed Output 
10W CMOS 
Step-Up 
Switching 
Regulator 
4-93 


Fixed Output 
10W CMOS 
Step-Up 
Switching 
Regulator 
4-93 


Low Voltage 
Step-Up 
DC-DC 
Converter 
4-105 


Low Voltage 
Step-Up 
DC-DC 
Converter 
........................•....................... 
4-105 


Low Voltage 
Step-Up 
DC-DC 
Converter 
4-105 


Low Voltage 
Step-Up 
DC-DC 
Converter 
4-105 


Low Voltage 
Step-Up 
DC-DC 
Converter 
4-105 


CMOS 
Monolithic 
Voltage 
Converter 
4-117 


CMOS 
+5V1Adjustable 
Micropower 
Positive 
Voltage 
Regulator 
4-125 


CMOS 
-5V1Adjustable 
Micropower 
Negative 
Voltage 
Regulator 
..........................• 
4-125 


CMOS 
+5V1Adjustable 
Voltage 
Regulator 
with Low Battery 
Detect 
4-125 


+5V1Programmable 
Low-Dropout 
Voltage 
Regulator 
4-133 


+5V to ±10V Voltage 
Converter 
4-141 


+5V to ±10V Voltage 
Converter 
4-141 


Battery-Powered 
Supply 
Systems 
4-147 


Battery-Powered 
Supply 
Systems 
................................................•..... 
4-147 


Battery-Powered 
Supply 
Systems 
4-147 
+5V Step-Down 
Current-Mode 
PWM Regulators 
4-149 


-5V Inverting 
Current-Mode 
PWM Regulators 
4-151 


+5V Step-Down 
Current-Mode 
PWM Regulators 
4-149 


-5V Inverting 
Current-Mode 
PWM Regulators 
..........................................• 
4-151 


Dual-Output, 
Switch-Mode 
Regulator 
(+5V to ±15V or ±12V) 
4-153 


Dual-Output, 
Switch-Mode 
Regulator 
(+5V to ±15V or ±12V) 
4-169 
150pF Low-ESR 
Aluminum 
Electrolytic 
Capacitor 
4-181 
100pH Toroid 
Inductor 
.............................................•.................. 
4-185 
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+5V To +15V DC-DC 
Converter Delivers 30W 
No Design Required-Just 
Drop It In 


The MAX742/MAX743 DC-DC converters 
provide the simplest means available for generating 
±12V 
or± 15V from a +5V supply. The MAX743. with intemal MOSFETs, powers 3 watt loads, while the MAX742, 
with extemal 
MOSFETs, drives 30 watt loads. 


These 
converter 
lCs offer dramatic 
price and performance 
advantages 
over DC-DC modules. 
A 
MAX743, for instance. 
achieves 78% efficiency while delivering ±1OOmAand offers 70% efficiency for loads 
as small ±lOmA. The cost of the MAX743 and all major components 
is $8.20 (lOOO-up). 


The 200kHz operating 
frequency 
and use of cur- 


rent-mode 
pulse-width 
modulation 
(PWM)allow use of 
small, 
lightweight 
extemal 
components. 
Inductors. 


rather 
than 
costly custom 
transformers. 
generate 
the 
positive and negative output 
voltages. 
Other features 
include undervoltage 
lockout. thermal overload protec- 
tion, cycle-by-cycle current 
limiting. and soft-start. 
The MAX742/MAX743 
switching 
regulators 
are 
well-suited 
for DC-DC converter 
module replacement. 


distributed 
power systems, 
computer 
peripherals. 
and 
portable 
instruments. 
Printed-circuit 
layouts 
are in- 
cluded in the data sheets. 


Operating with surface-mount 
components, 
the MAX743 DC· 


DC converter 
delivers 3W In less than half the board space 
reqUired 
by the smallest 
converter 
modules. 
Power density 
is 


a high 18W per CUbic Inch. 


Evaluation Kit Simplifies Prototyping 
~ 


Maxim offers a through-hole 
evaluation 
kit (MAX743EVKIT)that considerably 
shortens 
breadboard- 
ing time for the MAX743. 
The unassembled 
kit contains 
a MAX743, a PC board, 
and 
all extemal 
components 
for a 3W dual-output 
DC-DC converter. 


Production Kit Eases Procurement 
and Increases Reliability 


Maxim 
offers 
commercial 
and 
extended-industrial 
temperature 
range 
production 
kits 
(MAX743CPEKlT & MAX743EPEKlT) that make designing 
with the MAX743 as simple and reliable as 


plugging in a module. Maxim has carefully selected the critical components 
and 
offers these 
parts 
in kits 
that 
include 
the MAX743. two low- 


loss 
inductors, 
three 
low-ESR 
capacitors, 
and two power recti- 


fiers. 
By combining 
these 
se- 


lected parts with Maxim's proven 
board layout, you get a guaran- 
teed output-voltage 
tolerance 
of 
±4% over all temperatures, 
input 
voltages, 
and 
loads. 
The com- 
mercial temperature 
range pro- 
duction 
kit 
sells 
for 
$8.20 
(lOOO-up). 
less 
than 
1/3 
the 


price of comparable 
modules. 


All the major components 
reqUired for a complete 3 watt, 


+sv to ±15Vor 
±12V DC-DC converter can be purchased 
directly from Maxim in kit form. 
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D/A Converters 


Charge-Pump 
Voltage 
Inverter 
Converts +5V to -5V, Delivers lOOmA 
High Power Inverter Eliminates 
Inductors- 


Uses Only Two Capacitors 


Maxim's 
new MAX660 charge 
pump 
voltage 


inverter 
converts 
inputs 
of +1.5V to +5,5V to neg- 


ative outputs 
of -1.5V to -5.5V. The charge pump's 


100mA output 
replaces switching regulators. 
elim- 


inating the need for inductors 
and their associated 


cost. size. and EMI. With a +5V input 
the MAX660 
delivers 
100mA at -4.35V. 
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MAX660 


4 
CAP- 
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The l00mA-output 
MAX660 Yoltage Inverter uses two low-cost 


capacitors, 
replacing switching regUlators and their associated 
Inductors. 


The MAX660 comes 
in 8-pin 
DIP and SOIC 
packages. 
Greater 
than 
90% efficiency. 
coupled 
with 
a typical 
operating 
current 
of only 200!1A, 


provides 
ideal performance 
for both battery-pow- 
ered and board-level 
voltage conversion. 
This de- 
vice can also operate 
as a voltage doubler; 
with a 


+5V Input, the MAX660 delivers 100mA at +9.35V. 


High-Side Power Supply Allows Low 
Cost N-Channel MOSFETs 


The MAX622/623 
CMOS charge 
pump 
converters 
generate 
a regulated 
output 
voltage 
llV greater 
than 
the 
input 
supply, 
for powering 
"high-side" 
Switching 
and 
control 
circuits. 
The MAX622/623 
high-side 
power supplies 
allow low-resistance 
N-Channel 
MOSFETs to be used in circuits 
that normally 
require 
more-costly. 
less-efficient 
P-Channel 
MOSFETs 
and PNP transistors. 
The ICs also allow for the replace- 
ment 
of "logic-level" FETs in low-voltage 
switching 
cir- 


cuits. 
Their 
50!1A typical 
quiescent 
current 
and 
input 


range of +3.5V to +16.5V make them suitable 
for a wide 


range of llne- and battery-powered 
switching and control 
applications 
for which efficiency Is critical. These appll- 


cations 
Include high-side 
power control with N-Channel 
MOSFETs. low-dropout 
voltage regulators. 
battery-load 
management 
circuits, H-switches. and portable computers. 


The MAX622 comes in 8-pin DIP and SOIC pack- 
ages, and requires 
only three inexpensive 
external capac- 


itors. The MAX623. in a 16-pin DIP, has the capacitors 
on chip and requires 
no external 
components. 
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Vcc 
VOUT 
9,10 
430k 
-- 
MAX623 


The MAX623 regulated 
high-side 
supply 
generates 
an output 
of VIN + l1V, 
useful for controlling 
N-Channel MOSFETs In 
load management 
applications. 


Convert +5V to +10V with Only 
Four External Capacitors 
Dual-Output Supply Powers IOmA Loads at 85% Efficiency 


The MAX680/68I 
dual-output 
char~e pump voltage converters 
provide 
positive 
and negative 
output 
\'oltages 
from a sin~le positive supply, 
They feature 
85% power-conversion 
efficiency and a quiescent 
current 
of only ImA 
The MAX680/68I 
accept 
an input 
volta~e 
of +2V to +6V, 
and provide an output 
volta~e of ±2 times VIN. The unregulated 


outputs 
supply 
IOmA. The MAX680/681 
excel in low-power 


applications: 
generating 
± IOVfrom +5V supplies, 
and generat- 
ing ±6V from +3V lithium batteries. 
These devices also function 
as voltage quadruplers. 
producing 
a positive 
or negative 
12V 
output 
while operating 
from a lithium cell or other isolated +3V 
power source. 
The MAX680 is useful 
for ~enerating 
analog-supply 
volt- 


ages on predominantly 
digital circuit boards. 
Local conversion 


of +5V to ±IOV for use by A/D converters, 
op amps, 
and other 


analog functions 
is far more economical. 
in low power applica- 
tions. 
than 
routing 
analog 
supply 
voltages 
throughout 
the 
equipment. 
The MAX680 is available 
in 8-pin DIP and SOIC. 
The MAX68 I has internal capacitors 
and is available 
in a 14-pin 
The MAX680 dual·output 
voltage converter 
delivers 


DIP package. 
10mAwith 
85% efficiency. 


e'. 


A4AXIAi'I 


el· MAX680 


300mW Step-Up Converters Feature 
87% Efficiency 


Complete Solution for Flash EPROMPower Supplies 


The MAX631 /632/633 
step'up 
converters 
offer high efficiency and unparalleled 
design sim· 


plicity for 5mW to 500mW 
applications. 
Their 
135!1A quiescent 
current. 
high 
efficiency. 
and 


space-saving 
8-pin DIP and SOIC packages 
make 
the converters 
an excellent 
choice 
for battery- 
powered and board-level 
applications. 
The con- 


verters 
have preprogrammed 
output 
voltages 
of 
+5V. +12V. and + l5V. 
The output 
may be set 
to other 
levels by adding 
an 
external 
resistor 


divider. 


The MAX631/632/633 
are simple 
to use: 
add an inductor 
and capacitor 
to build 
a com- 


plete 
power 
supply. 
Each converter 
includes 
a 


low-battery 
detector that monitors 
the input sup- 
ply voltage. 
They also have a charge-pump 
out- 
pu t for generating 
additional 
positive 
or negative 
unregUlated 
outputs, 


OUTPUT 


+ 
.12VAT25mA 


IICX\>F 


This MAX632 DC-DC converter 
is designed to operate as a flash· 


EPROM power supply. 
It delivers +12V at 25mA with 87% efficiency 
from a +SV source. 
The lOW-battery detector signals when the input 
voltage falls below +4V. 


5W Step-Up Converters Have Low 
135J1A Supply Current 
Switching 
Regulators Require Only Four External Components 


The MAX641/642/643 
switching 
regulators 
offer efficiency and convenience 
comparable 
to that of 
the MAX631 family and 
deliver up to 5W. 
Internal 
MOSFET drivers 
are included, 
and 
the devices' 
maximum 
output power Is determined 
by external 
components 
instead 
of internal 
power switches. 
The converters 
have preprogrammed 
+5V, +12V, 
and +15V output voltages, and may be set to other 
levels 
With a resistor 
divider. 
The 
MAX64l, 
MAX642 and MAX643 require 
only four external 
components: 
an inductor, 
diode, power MOSFET, 
and capacitor. 
The low supply current 
(only 1351lAtypical In 
the MAX641) allows these devices to deliver greater 
than 
80% efficiency 
over a wide range 
of load 
currents. 
In typical applications, 
the MAX641 pro- 
vides 
power 
to computers, 
pocket 
pagers, 
and 
other portable 
equipment 
by producing 
+5V from 
two alkaline 
cells or a single 
lithium 
cell. The 
MAX641/642/643 
provide 
a +12V/+15V 
ana- 
log supply 
voltage 
from a +5V digital 
supply. 


.3V 
+ 


INPUT 1 


Converters 
Step-Up to +5V from 


One or Two Cells 
Boost Regulators Feature 1.15V Start-Up and 40~ 
Standby Mode 


The MAX654-658 
DC-DC converters 
provide 
a simple 
and 
compact means for generating 
+3V or +5V from one or two alkaline 
or NiCad cells or a single 
lithium 
cell. 
The MAX654/656/657 
guarantee 
start -up at inputs 
as low as +1.15V, and they continue 
to operate even as the supply drops below +IV. The MAX654, with 
an internal 
MOSFET switch, 
supplies 
up to 40mA at +5V from a 
single NiCad cell. The MAX656, driving an external MOSFET switch, 
supplies output currents 
as high as 250mA from a single NiCad cell. 
The MAX655/658 
are 
optimized 
for two-cell 
operation 
and 
are 
guaranteed 
to start-up 
at +1.5V. 
An internal, 
auxiliary, 
low-power 
+12V converter 
provides 
bootstrapping, 
which guarantees 
start-up 
under 
load even when 
your 
battery 
is 
almost 
completely 
discharged. 
In 
the 
MAX656/658, 
this +12V supply 
also provides 
load switching 
via 
an external 
MOSFET-further 
extending 
battery 
life and allowing 


The MAX655 Evaluation 
Kit contains 
the 
higher 
ou tpu t current. 


MAX655 and all necessary components 
for 
building 
a +5V-output 
switching 
regulator 
Each 
device 
includes 
a number 
of features 
that 
minimize 


that operates 
with two AA cells. 
external 
components. 
These include 
a low-battery 
detector 
and a 
401lA quiescent 
current 
standby mode in which the +5V output supplies up to 5001lA. Applications 
include 
battery-powered 
portable equipment, 
pagers, radios, telephones, 
remote sensing devices, and hand-held 
eqUipment 
in which size and efficiency are key parameters. 


400mW Negative Output Regulators 
Require Only 4 External Components 


Inverters Have Low 80~ 
Supply Current 


The MAX635/636/637 
inverting 
DC-DC converters 
greatly simplify the generation 
of regulated 
negative volt- 
ages. The ICs require 
only an external 
inductor, 
diode. 


and two capacitors. 
80IJA quiescent 
current, 
85% conver- 


sion effiCiency, and a +2.3V to +16.5V input 
range 
sim- 
plify 
the 
design 
of battery-powered 
eqUipment 
and 
board-level 
DC-DC 
conversion. 
The 
converters 
deliver 
400mW. A low-battery indicator monitors the input voltage. 
The parts are available in 8-pin DIP and SOIC packages. 


The devices are preprogrammed 
for output 
voltages 
of -5V. -12V. or -15V, and may be adjusted 
to other levels 
by adding 
an external 
resistor 
divider. 
Applications 
for the MAX635/636/637 
include 
bat- 


tery- and 
solar-powered 
equipment 
such 
as test instru- 


ments. pocket pagers. laptop computers. 
and cameras. The 


converters are also useful in the local generation 
of negative 
voltages in line-powered 
eqUipment. 
as an alternative 
to 
busing negative voltages throughout 
the system. 


INPUT 
+2.3V TO +16.5V 
6 


.Vs 


,"', 
+ E-----:::L 


VF6 
-VOUT 


.••• AXIA'I 


MAX631 


_ 
L'< 


l81 
GND 


3 
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375mW, 85°/o-Efficient Converter 
Steps-Down 
to +5V 


135!1A Quiescent 
Current and Adjustable Output 


The MAX638 DC-DC step-down 
converter 
features 
85% typical 
efficiency and minimal 
external 
components. 
You can design 
a high-efficiency 
regulated 
power supply 
by adding a diode, a low-cost inductor, 
and two capacitors. 
The MAX638 output 
voltage is preset 
to +5V and may be 
set to other voltages with an external 
resistor 
divider. 
With 
a +12V input. 
the device provides 
75mA at +5V with 85% 
efficiency. 
A typical linear regulator. 
performing 
this func- 
tion, dissipates 
over 1/2W with a conversion 
efficiency of 
only 42%. 


The MAX638 consumes 
only 135J.!A of quiescent 
cur- 
rent. making it well-suited 
for battery-operated 
equipment. 
An adjustable 
low-battery 
indicator 
is included 
on-chip. 
Applications 
include the effiCient generation 
of +5V from +9V 
battenes. 
such 
as in portable 
instruments. 
pocket pagers. 
laptop computers. 
and mobile phones. 
The MAX638 is also 
valuable for on-card voltage conversion, 
as an alternative 
to 
busing multiple voltages throughout 
a line-powered 
system. 
The MAX638 is available in 8-pin DIP and SOIC packages. 


+16.5V 
16 .~ 


.vs 
5 
'00><' 


LX 


A4AXIAII 


MAX638 
lt6817 
, 
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lJlI 
GNO ~ 
. 
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The 85%-eHlclent 
MAX638 step-down 
converter 
extends 
battery life by offering much higher efficiency than 
linear 
regUlators. 


Linear Voltage Regulators Have 
12JlA Supply Current 
Micropower Regulators 
Power 40mA Loads 


The MAX663/664/666 
are linear 
voltage 
regulators 
with very low quiescent 
current 
(l21lA maximum). 
The 
MAX663/666 
are positive regulators 
with a preset output 
of 


+5V, and the MAX664 negative regulator 
has a preset output 
of -5V. The output 
of the regulators 
may be set to any value 
between 
+1.3V and +15V (MAX663/666) 
or 
-1.3V to -15V 


(MAX664) using 
two external 
resistors. 
The MAX666 fea- 
tures an on-chip low-battery 
detector. 


These regulators 
have an input range of +2Vto +16.5V 
(MAX663/666) 
or -2V to -16.5V (MAX664) and an output 
capability 
of 40mA. 
They provide output-current 
limiting. 
shutdown. 
and a low (IV at 40mA typical) differential 
be- 
tween the input 
and output 
voltages. 
The MAX663 has a 
temperature-proportional 
output 
whose temperature 
coeffi- 


cient is +2.5mV /,C. This output is commonly used to generate 
temperature-compensated 
voltages 
for biasing 
multiplexed 


LCD displays. 


OUTPUT 
·5V/AOJ 
40mA 


9V 


BATIERY i 


VIti 
VOUT2 


AltAXI,M 


MAX664 
'OUT> 


Low-Dropout Linear Regulator 
Powers 200mA Loads With 
150mV Dropout Voltage 


lllA Maximum Shutdown Supply Current 


The MAX667 is a low-dropout 
linear regulator 
with 


a preset output 
voltage of +5V. lt delivers 200mA at +5V 
with an input of as low as +5.15V-a 
useful capability 
in 


+5V systems 
powered by 5-cell NiCad or 3-celllead-acid 
batteries. 
The regulator 
is capable 
of supplying 
up to 
250mA. 
The MAX667 features 
a low-power shutdown 
mode 
in which 
supply 
current 
is cut to lllA maximum. 
In 


normal 
mode. 
the no-load 
supply 
current 
is typically 
201lA. The MAX667 operates 
as a fIxed +5V regulator. 
or 
its output 
can be adjusted 
from +1.3V to +16V using two 
external 
resistors. 
In the fixed +5V mode. 
the output 


voltage is guaranteed 
to within ±4% over temperature. 
The regulator 
has a "dropout" indicator that signals when 


the internal 
series-pass 
PNP transistor 
is about to satu- 
rate. 
The 
MAX667 also 
features 
on-chip 
low-battery 
detection. 


OUTPUT 
+SVlADJ 


200mA 
J 
I()"f 


+6VTO+5.15V 


BATTERY 
ENOOFLIFE 
~ 


When powered 
with 5 NICad celts. the MAX667 provides 
a regulated +SV output at 200mA even down to a 5.15V 
(fully discharged) 
Input. 


DC/DC Converters 


Quiescent 
Supply 
Pricet 
Input 
Output 
Current 
Part 
Voltage 
Voltage 
(mA) 
Temp" 
1000-up 
Number 
V 
V 
max 
Ran e 
Comments 
($) 


DUAL OUTPUT: STEP-UPIINVERTING SWITCHING REGULATORS 
MAX743 
4.2-6.0 
±12,±15 
30(20) 
DlP,SO 
C,E,M 
Internal power MOSFETs, evaluation kit and 
5.82 
production 
kit available,3W 
output 


MAX742 
4.2-6.0 
±12,±15 
15 (8) 
DW,SO 
C,E,M 
Drives external MOSFETs, 30W output 
5.82 


LOW-POWER BOOST SWITCHING REGULATORS 
MAX630 
2.0 -16.5 
VOUT 
> V1N 
0,125(0.070) 
DlP,SO 
C,E,M 
Improved RC41932nd source 
2.88 


MAX4193 
2.4 -16.5 
Your> 
VIN 
0.200(0.090) 
DlP,SO 
C,E,M 
Improved RC41932nd source 
1.74 


MAX631 
1.5- 5.6 
+5, Adj. 
0.4 (0.135) 
DlP,SO 
C,E,M 
Only 2 external components 
2.45 


MAX632 
1.5-12.6 
+12,Adj. 
2.0(0.5) 
DIP,SO 
C,E,M 
Only 2 external components 
2.45 


MAX633 
1.5-15.6 
+15,Adj. 
2.5(0.75) 
DIP, SO 
C,E,M 
Only 2 external components 
2.45 


HIGH-POWER BOOST SWITCHING REGULATORS 
MAX641 
1.5-5.6 
+5,Adj. 
0.4 (0.135) 
DIP, SO 
C,E,M 
Drives external MOSFET 
2.45 


MAX642 
1.5 -12.6 
+12,Adj. 
2,0 (0.5) 
DIP, SO 
C,E,M 
Drives external MOSFET 
2.45 


"" 
MAX643 
1.5-15.6 
+15,Adj. 
2.5(0.75) 
DIP, SO 
C,E,M 
Drives external MOSFET 
2.45 
~ 
LOW-VOLTAGE BOOST SWITCHING REGULATORS 
MAX654 
1.15- 5.6 
+5 
(0.08) 
DIP, SO 
C,E,M 
Optimized for 1 cell 
3.35 


MAX655 
1.5-5.6 
+5 
(0.04) 
DlP,SO 
C,E,M 
Optimized 
for 2 cells, evaluation 
kit available 
335 


MAX656 
1.15- 5.6 
+5 
(0.08) 
DIP, SO 
C,E,M 
Drives external MOSFET 
3.35 


MAX657 
1.15- 3.6 
+3 
(0.08) 
DIP, SO 
C,E,M 
Optimized for 1 cell 
3.35 


MAX658 
1.5-5.6 
+5 
(0.04) 
DIP,SO 
C,E,M 
Drives external MOSFET 
3.35 


INVERTING SWITCHING REGULATORS 
MAX634 
2.3 -16.5 
up to-20 
0,15 (0.07) 
DlP,SO 
C,E,M 
Improved RC43912nd source 
2.61 


MAX4391 
4.0-16.5 
up to -20 
0.25 (0.09) 
DlP,SO 
C,E,M 
Improved RC43912nd source 
2.28 


MAX635 
2.3 -16.5 
-5,Adj. 
0.15 (0.08) 
DIP, SO 
C,E,M" 
Only 3 external components 
2,45 


MAX636 
2.3-16.5 
-12,Adj. 
0.15 (0.08) 
DlP,SO 
C,E,M 
Only 3 external components 
2.45 


MAX637 
2.3-16.5 
-15,Adj. 
0.15 (0.08) 
DlP,SO 
C,E,M 
Only 3 external components 
2.45 


-Continued 
on the next page- 


• 
Paclr,'ge Options: 
DIP ~ Dual-In-Line Package; SO ~ Small Outline; TO-99 ~ Can 


•• Temperature Ranges: C ~ O'C to +70'C; E ~ -40'C to +85"C;M ~ -55"Cto +125'C 
t 
Prices provided are for design guidance and are FOB USA. International prices will differ due to local duties, taxes, and exchange rates. 


______________ 
DC/DC Converters (continued) 


Quiescent 
Supply 
Input 
Output 
Current 
Part 
Voltage 
Voltage 
(mA) 
Number 
(V) 
(V) 
max (typ) 
HIGH-VOLTAGE INVERTING SWITCHING REGULATORS 
MAX650 
-1010 -56 
+5 
(0.85) 


STEPDOWN SWITCHING REGULATORS 
MAX6:lL 
2.6 ·16.5 
+5. Adj. 


CHARGE-PUMP CONVERTERS-UNREGULATED 
MAX660 
1.5 - 5.5 
+2 x V,N,-V'N 
1.0 (0.6) 
DIP, SO 
MAX680 
2.0·6.0 
± 2 x V,N 
2 (1) 
DIP, SO 
MAX681 
2.0 - 6.0 
± 2 x V,N 
2 (1) 
DIP 


ICL7660 
1.5 -10 
-VIN 
0.175 (0.110) 
DIP, SO, TO-99 


ICL7662 
4.5 - 20 
-V,N 
0.6 (0.25) 
DIP, SO, TO-99 
Si7661 
4.5 - 20 
-VIN 
2 (0.3) 
DIP, SO, TO-99 


CHARGE-PUMP CONVERTERS-REGULATED 
HIGH-SIDE POWER SUPPLIES 
MAX622 
3.5 -16.5 
V,N+ llV 
0.5 (0.07) 
DIP, SO 
MAX623 
3.5 -16.5 
V,N+ llV 
0.5 (0.07) 
DIP 


Prlcet 
Temp'" 
1000-up 
Range 
Comments 
<!L_ 
---- 
C,E,M 
o timized 
for telecom 
a 
lications 
3.39 


C,.E,M 
Only 3 e>.ternal components 
2.45 


C,E,M 
lOUT: 100mA 
2.95 


C,E,M 
4 external 
capacitors 
1.87 
C,E 
No external 
components 
-1.6-1 


C,E,I,M 
Not regulatro 
1.3-1 


C 
Not regulated 
1.80 


C 
Not regulated 
2.0n 


C,E 
3 external 
capacitors 
1.99 
C,E 
No external 
capacitors 
3.9,'\ 


i" 
MOSFET Drivers 
0> 


Output 
Rise/Fait 
Rise Time 
Fait Time 
Resistance 
TA = +2S'C 
Over Temp 
Over Temp 
Prlcet 
Part 
(0) 
(ns) 
(ns) 
osee 
Supply Voltage 
Package' 
Temp" 
1000-up 
Number 
max (typ) 
max 
max 
max 
(V) 
Options 
Range 
Comments 
($) 
MAX626 
15(4) 
30 
40 
40 
4.51018 
DIP,SO 
C,E,M 
Dual Inverting 
1.57 


MAX627 
15 (4) 
30 
40 
40 
4.5 to 18 
DlP,SO 
C,E,M 
Dual Non-Inverting 
1.66 


MAX628 
15(4) 
30 
40 
40 
4.5 to 18 
DlP,SO 
C,E,M 
Inverting 
and Non-Inverting 
1.66 


TSC426 
15(10) 
30 
60 
40 
4.5 to 18 
DlP,SO 
C,I.M 
Dual Inverting 
1.06 


TSC427 
15(10) 
30 
60 
40 
4.5 to 18 
DlP,SO 
C,I,M 
Dual Non-Inverting 
1.15 


TSC428 
15 (10) 
30 
60 
40 
4.5 to 18 
Dlp,SO 
C,I,M 
Inverting 
and Non-Inverting 
1.15 


ICL7667 
SeeMAX626 


, 
Package Options: 
DIP: Dual-ln-Line Package; SO: Small Outline; TQ-99: Can 


" Temperature Ranges: C: O'C to +70'C; E: -4Q'Cto +85'C; M: 
-SS'C to +l25'C 


t 
Prices provided are for design guidance and are FOB USA. International prices will differ due to local duties, taxes, and exchange rates. 


Linear Voltage Regulators 


Quiescent 


Input 
Output 
Current 
Output 
Pricet 


Part 
Voltage 
Voltage 
Dropout 
(llA) 
Voltage 
Package' 
Temp" 
lOOO-up 
Number 
V 
V 
Volta 
e 
max 
t 
Accurac 
Shutdown 
o tlons 
Ran 
e 
$ 


AC-DC 
REGULA 
TORS 


MAX610 
1I0/220VAC 
Fixed +5 or +1.3 to +9 
N/A 
150(70) 
±4% 
NO 
DIP 
C 
2.58 


MAX611 
1I0/220VAC 
Fixed 
+5 
N/A 
ISO (70) 
±4% 
NO 
DIP 
C 
2.58 


MAX612 
6t09VAC 
Fixed 
+5 or + 1.3 to +9 
N/A 
ISO (70) 
±4% 
NO 
DIP 
C 
2.58 


DC LINEAR 
REGULATORS 
- POSITIVE 
OUTPUT 


MAX663 
+2 to +16.5 
Fixed 
+5 or +1.3 to +15 
1.5V@40mA 
12 (6) 
±S% 
YES 
DIP, 50 
C,E,M 
1.9! 


MAX666 
+2 to +16.5 
Fixed +5 or +1.3 to +15 
I.5V@40mA 
12 (6) 
±S% 
YES 
DIP, 50 
C,E,M 
2.13 


MAX667 
+3.5 to +16.5 
Fixed 
+5 or +1.3 to +15 
0.3V@100mA 
25(12) 
±5% 
YES 
DIP, 50 
C,E,M 
2.35 


ICL7663 
+1.5to+16 
+1.3 to +15 
1.5V@40mA 
10 (4) 
±8% 
YES 
DIP, 50, TO-99 
C, E, I 
1.81 


ICL7663A 
+2.0 to +16 
+1.3 to +15 
1.5V@40mA 
10 (4) 
±I% 
YES 
DIP, 50, TD-99 
C,E,! 
1.99 


ICL7663B 
+1.5 to +16 
+1.3 to +15 
I.5V@40mA 
10 (4) 
±8% 
YES 
DIP, 50, TD-99 
C,E,! 
1.81 


DC LINEAR 
REGULATORS· 
NEGATIVE 
OUTPUT 


MAX664 
-2 to -16.5 
Fixed -5 or -1.3 to -IS 
I.5V@40mA 
12 (6) 
±5% 
YES 
DIP, 50 
C,E,M 
2.32 


i" 
ICL7664 
-2 to-16 
-1.3 to-IS 
0.4V@30mA 
10(3.5) 
±5% 
YES 
DIP, 50. TD-99 
C,I 
2.21 


'" 
ICL7664A 
-2 to-16 
-1.3 to -IS 
0.4V@30mA 
10 (3.5) 
±I% 
YES 
DIP, 50, TO-99 
C,I 
2.65 


, 
Package 
Options: 
DIP; 
Dual-In-Line 
Package; 
50 ; Small Outline; 
TO-99 ; Can 
•• Temperature 
Ranges: 
C; 
O'C to +70'C; 
E; 
-40·C to +85·C; M; 
-55'C to +125·C 
t 
Prices provided 
are for design 
guidance 
and are FOB USA. 
International 
prices will differ due to local duties, 
taxes, and exchange 
rates. 


APPLICATION 
NOTE 
~III~JXI~III 
A Designer's Guide to Maxim 
DC-DC Converters 


Important 
Parameters 
in Power 
Supply Design: 
A Discussion of 
Key DC· DC Specifications 


Maxim's 
DC-DC converter 
products target miniature 
on-card power supplies and baUery-operated 
applica- 
tions rather than heavy-duty 
supplies. 
Maxim offers 
solutions 
for extracting 
the last bit of useful energy 


from a dying 
NiCad 
cell or for squeezing 
a flash- 
EPROM programming 
supply onto a square inch of 
surface-mount 
board. 
For tips on low-power 
DC-DC 


designs and applications 
read on. 


__________ 
DC Accuracy 


Output voltage accuracy 
specs include initial accuracy, 
load regulation, 
line regulation, 
and output-voltage 
drift 


due to temperature 
and time. 
Output-voltage 
accuracy 
is important because designers 
often rely on it for stable 
bias and reference 
voltages. 
Also, if DC levels at an 


equipment interface differ by more than a diode drop, large 
parasitic-diode 
currents may flow in the interface chips. 


Maxim's 
capability 
for laser-trimming 
thin-film 
resistors 


serves as a routine and cost-effective 
means for adjusting 
active parameters in all types of ICs. For power-supply ICs, 
the commonly trimmed parameters 
include bias current, 


oscillator 
frequency, 
reference 
voltage and output volt- 


age. Trimming not only assures DC accuracy; 
it provides 
consistent 
AC characteristics 
and a tight distribution 
for 


parameters 
such as the current-limit 
threshold 
level. 


___ 
AC (Transient) 
Performance 


Transient 
response 
is often overlooked 
in the design of 


power 
supplies, 
but it can 
be as important 
if] some 
applications 
as DC accuracy. 
Bad transient 
response 


can compromise 
reliability, 
as demonstrated 
in the re- 


sponse 
of a low cost 'generic" 
modular 
power supply 


(Figure 1). The overshoot in the output of this module- 
6V above 
the 
normal 
5V output-will 
likely 
be high 
enough to destroy logic ICs. 


An easy way to look at a circuit's 
transient performance 


is to step the load current from zero to full load-using 
an 


oscilloscope, 
a dummy 
load, 
and 
an NPN-transistor 


switch driven by a square-wave 
generator. 
Simply hook 
the switch between 
ground 
and the ground 
side of the 
load, and monitor the output voltage for overshoot 
and 


ringing. 
The circuit's 
AC compensation 
should provide 
a nice damped response (Figure 2), but avoid overdamp- 
ing which allows output overshoots during power-up and 
during short-circuit 
recovery. 


/j,"/JXI/j," 
,,;~I,,;JX I ,,;~I 
is a registered 
trademark 
of Maxim Integrated 
Products. 


Load Current, 
10"4 Load 10 
100% Load 


Figure 
1. Load-transient 
response 
for a "Brand X" DC-DC 
converter 
shows high overshoot. 


Load Current, 
No Load 10 
100% Load 


Time (500~s/div) 


Figure 2. 
Properly 
compensated 
MAX742 
regulator 
exhibits 
an 


RC-type 
damped 
response. 
("Ghost' 
trace is due to 
switching 
ripple). 


_______ 
Output Noise and 
Reflected 
Ripple 
Output noise is important for its effect on the system noise 
margins 
and on the performance 
of precision 
analog 


components. 
High-quality 
ceramic 
or low-ESR elec- 


tolytic capacitors 
for both input and output filtering 
are 


crucial to noise reduction. 
Cheap output-filter capacitors 


can lower costs, but you must then expect more output 
ripple. 


Output noise in a simple step-up, pulse-width 
modulation 
(PWM) regulator (Figure 3) takes several forms: 


1) The most significant 
noise mechanism 
is the IR drop 


through the output filter capacitor's 
ESR (equivalent 
se- 


ries resistance), 
which is caused by current pulses from 


the inductor. 


2) Switching noise in the form of short spikes riding on the 
DC waveform has several sources: 
the filter capacitor's 
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equivalent series inductance 
(ESL), current spikes in the 
ground trace, rectifier turn-on transients, and extraneous 
EMI (electro-magnetic 
interference) 
picked 
up by the 


oscilloscope's 
ground lead. 


3) The RC discharge 
of filter capacitor 
to load resistor, 


often undetectable, 
is seldom significant 
for converters 


operating 
above 20kHz. 


An inductor 
in series with the output voltage is effective 
in eliminating 
switching 
spikes, even if the "inductor" 
is 


only a long PC trace terminated with a ceramic capacitor. 
To eliminate the output ripple's 
lower-frequency 
funda- 


mental 
component 
as well, you must set the natural 


frequency 
of this LC output filter lower than the switching 


frequency 
(at least 10 times lower, preferably). 


Reflected ripple is also important-it 
appears to originate 


in the source voltage that powers a DC-DC converter, but 
it's actually 
caused 
by the switching 
currents 
that are 
drawn by the converter 
circuit and passed through the 


Noise After LC 
Post-Filler 
(lmVldiv) 


Noise Without 
Extra Filtering 
(20mVldiv) 


Time (2~s/div) 


,(1) ~~Pc~eR 
due 
(2) ~~i~~~i~~e 
(3) ~~o~~~~~e 


to ESL 
Constant 


Figure 3. Noise mechanisms 
in a 200kHz buck-boost 
converter. 


power-source 
impedance. 
Excessive noise on the supply 


bus often points to inadequate 
filtering 
at the DC-DC 


converter's 
input. 
If the input bypass capacitor 
is inade- 
quate, a choke inductor can be placed in series with the 
input to provide 
better filtering. 
Avoid 
high-resistance 


chokes that will have excessive 
IR losses. 


Maxim 
makes 
both 
PWM and 
PFM (pulse-frequency 
modulation) 
switching-regulator 
ICs. 
Most 
of the 


MAX6XX series are PFM types, 
including 
the MAX630 


through 
MAX642 and the MAX654 family. 
Most of the 


MAX7XX series are PWMs, including 
the MAX730 family 


and the MAX7 42/7 43. 


Most PWMs switch the power transistor 
at a fixed fre- 


quency without missing pulses. 
PFM controllers can skip 


pulses, switching 
less often, and thus require less supply 
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90 


~ 
80 
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Figure 
4a. 
MAX742 
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MAX743 
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Dual-Output 
IC 
u 
70 


V+ = 4.5V 
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4c. 
MAX738 
d5u 
70 
MAX738 
STEP-OOWN 
CIRCUIT 
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IC 
~ 


TA = +25'C, 
+5V OUTPUT 
V+ = 12V 
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60 
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0 
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~ 
80 
>- 
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V,N = 2.2V 
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-MAX65'5 
STANOARO 
APPLICATION 
TA = +25'C, 
+5V OUTPUT 


INTERNAL 
POWER MOSFET 


Figure 4d. 
MAX655 
2-Cell to +5V 
Converter 


Figure 4. 
Efficiency 
vs. load current varies as shown for different 


part types. 
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current, 
but in doing 
so they 
produce 
low-frequency 


noise that is difficult to filter. 
These differences 
lead to 


the fundamental 
trade-off 
between 
PWMs and 
PFMs: 


supply current vs. noise. In general, 
PWMs are best for 
applications 
of high output 
power or low output 
noise, 


and PFMs surt low-power (under 5W) or battery-powered 
applications. 
_________ 
Efficiencyand 
Quiescent 
Current 


Power 
efficiency-the 
ratio of output 
power 
to input 
power-is 
obviously 
critical in battery-powered 
applica- 


tions. Even when deriving power from a wall socket, high 
efficiency can minimize heat build-up and eliminate bulky 
heatsinks. 
But selecting 
DC-DC 
converters 
based 
on 
their rated efficiency 
specs can be tricky-many 
prod- 
ucts 
invite unrealistic 
assumptions 
by specifying 
effi- 


ciency 
at 
a single 
load 
current. 
To make 
a fair 


comparison 
of such products, 
inspect their efficiency 
at 


various operating 
points (Figure 4a-4d). 


Linear regulators, 
for example, often regarded 
as ineffi- 


cient 
because 
their 
regulating 
mechanism 
dissipates 
power, actually excel in many battery-powered 
systems 


because they draw very little quiescent 
current. 


Some linear regulators maintain a regulated output while 
drawing as little as 20llA (Figure 5). No switChing-regu- 
lator can match that performance. 
Thus, for applications 
that require a keep-alive 
voltage 
in the standby 
mode, 
linear regulators offer efficiency 
and simplicity 
(no mag- 
netics). 


They also excel as multiple 
regulators 
in load-manage- 
ment systems (Figures 6, 7). 


OUT 


.NlAlXIAIl 


MAX667 
5 
~ 
NiCad 
_ 
CELLS 
-=- 


GNO 
SET 


4 
6 


Figure S. 
This low-dropout 
regulator 
circuit consumes 
only 24JA 


of quiescent 
current 
while supplying 
a +SV regulated 
output. 
In shutdown 
it draws only O.~A 
of quiescent 


current. 


8 


C1+ 
Vcc 
VOUT 5 


.NlAlXIAIl 


I 
Cl- MAX622 


PR 3 


Figure 6. 
To drive (indirectly) 
the gate of an N-channel 
MOSFET 
source follower, this circuit's 
high-side 
regulated 


charge-pump 
IC (MAX622) generates a regulated 
DC 
voltage 
11 V higher than the input. 
The LMIO amplifier 


provides a reference 
and error-amplifier. 
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Figure 7. Extremely low dropout 
(less than 100m V at IWAO = SA) 


enables this linear regulator 
to extract nearly all the 


energy from a stack of five NiCad cells. 


______ 
Input Voltage Range 


Though 2:1 or less is a typical maxImin ratio for the input 
range of a regulator (lower ratios ease the design prob- 
lem), many ICs from Maxim can operate over a range of 
8:1 or more. The MAX641, for instance, can accept inputs 
between 
1.8V and 16V. 
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Figure 8. Designed 
for powering 
+5V logic In portable 
equipment 
such as pagers and remote data-collection 
systems, the 
MAX654 converts 
the output of one or two battery cells 


to outputs of +5V and + 12V, with 82% efficiency. 


A wide dynamic range is not the only issue when consid- 
ering input voltage range. 
Also important is operation at 
the low end of the specified 
range. The MAX667 of Figure 
5, for example, 
relies on low dropout 
voltage 
(the mini- 


mum 
input-output 
voltage 
differential) 
in determining 
end-of-life voltage for the battery. 
Extremes of the input- 


voltage range are important for switch-mode 
regulators 
as well, as illustrated by the low-voltage 
MAX654 and its 
relatives (Figure 8). The MAX654 cuts the size and weight 
of battery packs by generating 
+5V at 40mA from just one 
NiCad cell. 


Charge pumps are also effective in low-voltage 
regulator 
applications 
(Figure 9). This circuit converts the output of 


a lithium cell to +5V at 100mA 
Besides eliminating 
the 
inductor associated 
with switching 
regulators, the circuit 


capitalizes 
on the low dropout voltage of the MAX667 and 


the 
low input-voltage 
range 
and 
high 
current 
of the 
MAX660 (big brother to the popular 
ICL7660). 
__________ 
Miniaturization 


As a system shrinks, power supply components 
occupy 


a greater percentage 
of the available space, which draws 
attention to these components 
and provides 
designers 


with a motivation to reduce their size. The need for size 
reduction often justifies compromises 
in efficiency, 
oper- 
ating temperature 
range, output ripple and EMI. 


Maxim DC-DC converters 
provide many choices 
in mak- 
ing such tradeoffs, allowing the designer to zero in on the 


150~F + 


:J 
620k - 
4 
CAP- 


+3V 
150~ 
LITHIUM 
BAD 


Figure 9. A MAX660 charge pump configured 
as a voltage 


doubler produces 
an output Ihat varies from +6V to 


+5. 15V over the life of the battery. 
This output, regulated 


to +5V by the MAX667 low-dropout 
regulator, 
supplies 


40mA for more than 12hours from a DL 123A lithium cell. 


optimum 
solution. 
Take a +5V to -5V regulator 
for a 


computer 
peripheral 
card as an example. 
Since it ulti- 
mately derives 
its power from a 117V wall outlet, effi- 
ciency 
is probably 
unimportant. 
However, 
in most 


computer 
gear, size is critical. 
This application 
would 


therefore be better served by a low-efficiency 
regulated 


charge 
pump, 
where 
tiny capacitors 
replace 
a bulky 


inductor. 


Some power supply circuits, however, require magnetics 
to achieve galvanic 
isolation or high input/output 
ratios. 


Coiltronics' 
CTX-series parts are shown in the MAX655 


and MAX742 SMT-board 
photos of Figures 
10, 12. To 


obtain PC artwork and a parts list for these SMT applica- 
tions, call Maxim Applications 
at (408) 737-7600. 


Figure 
10. This MAX655 surface-mounted 
power supply features 


compact 
and high-energy 
SMT inductors. 
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Figure 11. 
The MAX743's 
'web' type lead frame conducts 
heat 
from the IC through four center package 
leads, allow- 
ing the device to deliver its 3W dual rated output over 
the operating 
temperature 
range, in a SMT package. 


Figure 
12. External power transistors and hefty passive 
com- 
ponents 
enable this MAX742 SMT board to provide 
lOW, 90% efficient, regulated 
dual outputs in only 
3.0 ili! of real estate. 


___ 
Minimum 
Component 
Count 


Reducing 
the component 
count in a circuit brings mani- 
fold benefits, including 
increased 
reliability, reduced 
as- 
sembly costs, and reduced 
board space. Therefore, any 
external component 
associated 
with a Maxim IC repre- 
sents a lot of effort and discussion 
(and often a battle) 
during the IC's development 
cycle. 


Some Maxim DC-DC converters, 
such as the MAX681 
dual-output 
charge 
pump, 
require 
no external compo- 
nents at all 
Others, 
such as the MAX? 43 dual-output 
PWM switching regulator, require magnetic components, 
available 
in production 
quantities 
from Maxim. 
Even 
simpler than the MAX?43 is the MAX632 boost (step-up) 
switching regulator (Figure 13), which functions as a flash- 
EPROM supply using only two external components. 


~ 


330llH 
, 


+5V INPUT 
4 
+12VAT25mA 


210k 
LX 
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+ 
LBI 
I 


100llF 


AllAXlAII 


lOOk 
MAX632 


LBO GND 


3 


VFB 
CP 


7 


Figure 
13. 
This MAX632 DC-DC converter is designed 
to operate 
as a flash-EPROM 
power supply. 
It delivers 
+ 12V at 
25mA 
with 87% efficiency 
from a +5V source. 
The 
optional resistors are used to set the low-battery 
de 
tector to signal when the input voltage falls below +4V. 


Simple Design Procedures 


Chip 
designers 
at Maxim 
have an unwritten 
law-no 
customer 
should need a PhD in the theory of switching 
regulators 
just to build a DC-DC converter 
on a system 
card. But customers 
want flexible designs. 
Sometimes 
~ 


they need a custom development, 
and often they prefer 
•••• 


a state-of-the-art 
product. 
Balancing 
these 
diverse 
needs is Maxim's task as an IC supplier, while competing 
with the makers of one-size-fits-all 
modular DC-DC con- 


verters. 


One 
way 
to simplify 
the 
design 
task 
is by offering 
canned-solution 
ICs with guaranteed 
performance 
for 
one or more mainstream applications. 
Small external-cir- 
cuit changes 
can suit such chips 
to a wide 
range 
of 
applications, 
and 
the designer 
is assured 
that 
such 
Maxim ICs have been tested in an actual regulator similar 
to his own. 
________ 
In-Circuit 
Testing 


Guarantees 
Performance 


In-circuit testing means that a DC-DC converter 
is tested 
as a complete 
system; 
not as a collection 
of blocks. 


Though more difficult than testing the parameters of each 
block, the in-circuit test corresponds 
to actual use of the 


IC, and helps to weed out any parts with transient prob- 
lems (Figure 14). 


Another aid to designers 
is the ready availability 
of spe- 
cialized 
external components 
such as low-ESR capaci- 
tors 
and 
high-Q 
inductors. 
Without 
them, 
prototype 
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TESTED IN THE ACTUAL 
TESTED OVER THE FULL 


APPLICATION 
CIRCUIT 
/ 
INPUT VOLTAGE 
RANGE 


ELEC~ICAL 
CHAR[iCTERISTICS 
(MAX74 


(Circuit of Figure 2, +4.5V < V+ < +5.5V) 


PARAMETER 
SYMBOL 


Output Voltage, ±15V Mode 
(Notes 1,2) 


Output Voltage, ±12V Mode 
(Notes 1,2) 


TESTED AT FULL AND 
NO LOADJ OVER 
TEMPERATURE 


CONDITIO 


0< 
IL < 100mA, 12/15 = OV 
TA= 25'C 


TA = TMIN to TMAX 


0< 
IL < 125mA, 12/15 = V+ 
TA = 25'C 


TA = TMIN to TMAX 


MIN 
TYP 
MAX 
UNITS 


14.55 
15.45 
v 


14.40 
15.60 


11.64 
12.36 
V 


11.52 
12.48 


4% MAXIMUM 
ERROR 


Figure 
14. In-Circuit 
Testing Example 
This specification 
is reprinted 
from the data sheet of a MAX742 switching-regutator 
Ie. 


In-circuit 
testing assures high performance 
for the device, without an extensive worst-case 
design anatysis. 


development 
could be delayed by the four-to-eight-week 
data sheets from Maxim contain concise 
sets of worst- 


sample lead time offered by most suppliers of such parts. 
case design procedures 
for just that purpose. 


Maxim provides 
evaluation 
kits, production 
kits for vol- 
DC·DC Reliability Tips 


ume manufacture, 
and samples 
of certain 
key compo- 
• 
Flog your design 
in the laboratory. 
Raise it to high 


nents for rush prototyping. 
The evaluation 
kit simplifies 
temperature 
and then short the output, first to ground 


the process of breadboarding 
and designing-in 
by pro- 
and then to the input. 
Increase the input voltage until 


viding 
a complete 
regulator 
circuit-the 
PC board, the 
smoke appears 
and then examine the circuit to see 


IC, and all external components 
(Figures 15, 16). (These 
what fried. Punish it without mercy. Better to do it now, 
same external components 
are used for Maxim's in-cir- 
because field service technicians 
and others will cer- 


cuit testing). 
tainly do it later. 


Reliability 


Most DC-DC converter 
ICs fail from overvoltage 
or over- 


current 
stresses 
rather than excess 
power dissipation. 
Of the few chip 
failures 
observed 
in Maxim's 
Failure 
Analysis department, 
most were obvious cases of over- 


voltage 
(rupture 
of a thin dielectric 
or pn junction) 
or 


overcurrent 
(electromigration 
of the aluminum 
intercon- 


nect 
layer or bond 
wires) applied 
to the devices. 
In 


unusual 
cases, 
the 
IC had 
tell-tale 
signs 
of excess 
power-vast 
areas were blackened 
and destroyed. 


These observations 
offer a lesson: The Absolute 
Maxi- 
mum Ratings Section is the most important part of a data 
sheet. 
Working designs whose ICs run cool may never- 
theless 
be in trouble 
if instantaneous 
currents 
exceed 
their ratings. 
Electromigration due to these current spikes 


can gradually erode the aluminum layer in such circuits. 


The key to preventing this type of failure is an understand- 
ing of the forces at work. 
Peak currents 
in a switching 
regulator, for example, which depend on several operat- 
ing conditions, 
may be well in excess 
of the DC load 


current. 
To relate these operating 
conditions 
to the max 
ratings table you must calculate 
component 
stresses for 


the regulator in question. 
Most of the switching-regulator 


• 
Tantalum capacitors 
are easily ruined by overvoltage 


and often short circuit upon failure; you should there- 
fore derate tantalum filter capacitors 
by a minimum of 


double the nominal voltage (i.e., use 10V capacitors 
in a 5V circuit). 
Where drastic derating is not possible 


or in circuits 
that exhibit excessive 
transient 
spikes, 


add a zener clamp across the capacitor. 


• 
Check for overvoltage 
transients 
under conditions 
of 


start-up and short-circuit 
recovery. 
Perhaps the worst 


thing 
a DC-DC converter 
can do is to produce 
an 


overvoltage 
that destroys everything 
downstream. 


________ 
Multiple 
Outputs 


Transformers, 
charge-pump 
taps, and multiple 
control- 


lers are among the methods for generating 
multiple out- 
puts from a switching 
regulator. 
The classic 
method 
involves multiple windings 
on a transformer 
and is very 


effective for designs that reach high-volume 
production 


or feature high levels of power. Either condition can justify 
the extra complexity of a transformer-based 
design. 


Transformer 
drawbacks 
include poor regulation and the 


power 
loss 
resulting 
from 
less-than-perfect 
magnetic 
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Figure 
15. 
MAX655 
Evaluation 
PC Board Layout 
Designed 
for portable 
microprocessor-based 
systems and other battery-operated 
circuits, 
the MAX655 delivers +5Vat 
100mA with 82% efficiency 
from a 2-cell voltage source. 
The chip includes a + 12V, 


low-current, 
high-side 
supply for load-switching 
applications. 
Standby 
current is 8CllA. 


coupling. 
Without additional 
regulation by mag-amp 
re- 


actors or linear post regulators, 
transformer-based 
de- 


signs are subject 
to problems 
of cross-regulation: 
one 
output voltage can be affected 
by load changes 
at an- 
other output. 


Multiple-output 
switching 
regulators, 
on the other hand, 


require 
more 
active 
circuitry, 
but their 
independently 
regulated 
outputs 
are not subject 
to cross-regulation 
problems 
or efficiency 
loss due to post regulation. 


You can implement a load-switching 
technique 
if multiple 
outputs have the same voltage. 
You could, for example, 


control 
a number 
of loads 
by combining 
a MAX622 


regulated 
charge pump with a level-translator 
chip and 


external MOSFETs (Figure 17). High-side 
control in this 
circuit allows the use of N-channel 
MOSFETs, which, for 
a given value of on-resistance 
are much less expensive 
than the P-channel types. 
This power-management 
ap- 
proach suits high-efficiency 
battery-operated 
systems. 


Applications 
Engineering 
Support 


A final note-If 
you don't see what you nlied in Maxim's 
catalogs or applications 
notes, call the Applications 
En- 
gineering 
department 
at (408) 737-7600. 
Maxim intro- 


duces an average of 60 new products 
per year, and one 
of those products may fit your needs exactly. Or, a simple 
trick may adapt an existing Ie for your purpose, 
saving 
you the trouble of reinventing 
the wheel. 
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Figure 16. 
Evaluation PC Board ForMAX743 
Dual-Output 
PWM 
Because it operates in the continuous-conduction 
mode and switches 


at a reasonably 
high frequency-200 
kHz-the 
MAX743 is discomfited 
by plug-in plastic protoboards 
and wire-wrap 
construction 
methods. 
This evaluation-kit 
PC board helps minimize noise and grounding 
problems 
during prototyping. 
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Figure 
17. 6 Amp Load Management 
Circuit 
A charge-pump 
DC-DC converter (MAX622) generates a regulated 
voltage 
IOVabove 


V,N,for driving N-channel 
MOSFETs in high-side 
switching 
circuits. 


Maxim 
cannot 
assume 
responsibility 
for use of any circuitry 
other than circuitry 
entirely 
embodied 
in a Maxim 
product. 
No circuit patent 
licenses 
are implied. 


Maxim 
reserves 
the right to change 
the circuitry and specifications 
without notice at any time. 


~~I~JXI~~I 


Quad, High-Side MOSFET Drivers 


_______ 
General Description 


The MAX620/MAX621 
incorporate 
four MOSFET drivers 
and a charge-pump 
high-side 
power supply 
to power 


high-side 
switching 
and control 
circuits. 
The charge 


pump delivers 
a regulated 
output voltage 
11V greater 


than 
VCC to 
the 
drivers, 
which 
then 
translate 
a 
TTL/CMOS 
input 
signal 
to a non inverted 
output 
that 


swings from ground 
to the high-side 
voltage. 
The out- 


puts 
drive 
N-channel 
FETs in high-side 
or low-side 
switching 
applications, 
including 
a wide range of line- 


and battery-powered 
applications. 


The MAX620/MAX621 are microprocessor compatible and 
feature 
undervoltage 
lockout 
capability. 
This lockout 


feature inhibits the FET driver outputs until the high-side 
voltage 
reaches 
the proper 
level, 
as indicated 
by a 
Power-Ready 
output. 


The MAX620 requires three inexpensive 
charge-pump 


capacitors. 
The MAX621 has internal capacitors-no 


external components 
are needed. 


__________ 
Applications 


Portable Computer 
Battery Load Management 


High-Side 
Power, N-Channel MOSFET Switching 


Low-Side Switching from Low Supply Voltages 


Quad-Latching 
Level Translators 


H-Bridge 
Motor Drivers 


Stepper Motor Drivers 


TOP VIEW 


OUT4 
~ 


" 
OUll 
, 
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2 
11 
OUT2 
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, 
16 
IN2 


IN4 • 
A'lAX1.NI 
15 
IN1 


CE5 
MAX620 
,. 
I.C. 


PR • 
13 
C2- 


GNO 
7 
12 
Vcc 


V+ 
• 
" 


C1+ 


C2+ 
9 
10 
C1- 


DIP/SO 
DIP 


/Vl/JXI/vl 
.....v 
J X I ....•v. 
is a registered 
trademark 
of Maxim Integrated 
Products. 


• 
Wide Operating Voltage Range 


• 
Minimum Component 
Count 


• 
Output Voltage Regulated to Vcc Plus 11V (Typ) 


• 
Low Quiescent Current - 70llA (Typ) 


• 
Undervoltage 
Lockout 


• 
Power-Ready 
Output 


• 
Internal Quad Latch 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MAX620CPN 
O·C to+70'C 
18 Plastic DIP 


MAX620CWN 
O·C to +70'C 
18WideSO 


MAX620C/D 
O·C to +70'C 
Dice' 


MAX620EPN 
-40'C to +85'C 
18 Plastic DIP 


MAX620EWN 
-40'C to +85'C 
18 Wide SO 


MAX620MJN 
-55'C to + 125'C 
18 CERDIP 


MAX621CPN 
O·C to +70'C 
18 Plastic DIP 


MAX621EPN 
-40'C to +85'C 
18 Plastic DIP 


C3 
+ 
l~F 


11 
+5V 


C1+ 
C2+ 


C1 
.••••.Ax •.•••• 


C2 


0047~F 
10 
C1- MAX620C2_ 
13 
0047~F 


TO LOAO 


15 
IN1 
OUll 
18 


TO LOAD 


16 
IN2 
DUT2 
17 


TOLDAD 


3 
IN3 
OUT3 
2 


TO LOAD 


4 
IN4 
OUT4 
1 
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ABSOLUTE MAXIMUM RATINGS 
Vcc 
V+toGND. 
Inputs and Driver Outputs 
. 
PROutput 
Continuous 
Driver Output Current. 
V+ Output Current (MAX620 Only) 
O·C to +70·C 


-40·C to +85·C 
-65·C to +160·C 


+300·C 


Continuous 
Power Dissipation 
(TA = +70·C) 
Plastic DIP (derate 8mWrC above + 70·C) 
Wide SO (derate 9.52mWrC 
above +70·C) 
. 
Operating 
Temperature 
Ranges: 
MAX62_C 
__ 
. 
MAX62 _ E __ 
. 
Storage Temperature 
Range 
Lead Temperature 
(Soldering, 
10 sec) 


17V 
30V 
(GND-Q.3V) to (V+ + 0.3V) 
(GND-Q.3V) to (VCC + 0.3V) 
... 
25mA 
. 25mA 


Stresses 
beyond 
those fisted under 
"Absolute Maxi~um 
Ratings· 
may cause 
permanent 
dama.98 
to the device. 
These are stress ratings 
only, and functional 
operation 
of the device 
at these or any other condItions 
beyond 
those indicated 
in the operatIonal 
sections 
of the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL CHARACTERISTICS 


(Vcc = +5V, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Supply Voltage 
Vcc 
4.5 
16.5 
V 


lOUT = 0, VCC = 4.5V 
145 
15.5 
17.5 
Cl = C2 = 0.047~F, C3 = l~F 


lOUT = 0, Vcc = 16.5V 
265 
27.5 
29.5 
High-Side 
Voltage (Note 1) 
V+ 
Cl = C2 = O.Q1~F,C3 = l~F (Note 2) 
V 
lOUT = 250~A, VCC = 5V, 
15 
16 
18 
Cl = C2 = 0.047~F, C3 = l~F 


lOUT = 500~A, Vcc = 16.5V, 
26.5 
27.5 
295 
Cl = C2 = O.Ol~F, C3 = l~F (Note 2) 


Power-Ready 
Threshold 
PRT 
lOUT = 0 (Note 3) (Note 4) 
12.0 
13.5 
145 
V 


Power-Ready 
Output High 
PROH 
ISOURCE= 100~A (Note 4) 
3.8 
4.7 
5.0 
V 


Power-Ready 
Output Low 
PROL 
ISINK = lmA (Note 4) 
0.1 
0.4 
V 


Switching 
Frequency 
fa 
lOUT = 0, TA = +25·C 
70 
kHz 


Vcc = 5V, 


MAX620 
Cl = C2 = 0.047~F, C3 = l~F, 
70 
TA = +25·C, lOUT = 0 
500 


Quiescent 
Supply Current 
IQ 
MAX621 
VCC = 5V, TA = +25·C, lOUT = 0 
llA 
VCC = 16.5V, 
MAX620 
Cl = C2 = 00111F, C3 = l11F, 
50 
350 
TA = +25·C, lOUT = 0 (Note 5) 


MAX621 
VCC = 16.5V, TA = +25"C, lOUT = 0 


Quad, High-Side MOSFET Drivers 


ELECTRICAL CHARACTERISTICS 
(continued) 


(Vcc = +5V, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
I SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


HIGH-SIDE 
DRIVERS 


Input Threshold Low 
VTL 
0.8 
V 


Input Threshold 
High 
VTH 
2.4 
V 


Input Bias Current 
IS 
OV < VIN < 5V 
-100 
100 
nA 


Chip Enable Threshold 
Low 
CELO 
0.8 
V 


Chip Enable Threshold 
High 
CEHI 
2.4 
V 


Minimum CE Pulse Duration 
TCE 
100 
50 
ns 


Pull-Down Current 
ICE 
10 
J.lA 


Data-Hold 
Time 
TOH 
-10 
10 
ns 


Data Set-Up Time 
Tsu 
50 
100 
ns 


Data-Delay Time 
Too 
VCE = OV,CL = 12pF 
150 
ns 


Driver Output Rise Time 
TR 
CL = 1oo0pF 
1.7 
J.lS 


Driver Output Fall Time 
TF 
CL = 1000pF 
25 
J.lS 


Note 1: High-Side 
Voltage (V+) is available only on the MAX620 and is measured 
with respect to GND. 
V+ on the MAX621 is 
measured 
at an unloaded 
output. 
Capacitor 
values listed in the test conditions 
apply to the MAX620 only. 


Note 2: For VCC > + 13V, on the MAX620 only, use C1 = C2 = 0.01J.lF, C3 = 1J.lF. 
Note 3: Power-Ready 
Threshold 
is the voltage with respect 
to GND at V+ when PR switches 
high (PROH = VCC). 


Note 4: For the MAX621, the Power-Ready 
levels are tested at wafer sort only. 


Note 5: The MAX620 is tested for quiescent 
current at + 16.5V using C1 = C2 = 0.047J.lF to minimize test time. 
In normal operation 
above + 13V, C1 and C2 must not exceed 
0.01J.lF. 


MAX620 QUIESCENT 
SUPPL Y 
CURRENT 
vs. C3 CAPACITANCE 


300 


MAX621 MAXIMUM 
SWITCHING 
RATE 
vs. Vcc SYNCHRONOUSLY 
DRIVING 
ALL FOUR INPUTS 


MAX620 MAXIMUM 
SWITCHING 


RATE vs. Vcc SYNCHRONOUSLY 


DRIVING ALL FOUR INPUTS 
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NOTE 
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SWITCH- 


ING RATE OCCURS 
JUST BELOW 
THE POINT WHERE DRIVER 
OUTPUT 
ANO V+ LOAOING 
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400 


~ 
350 


2 
3 
4 
5 
6 
7 
8 
9 
10 


C3 CAPACITOR 
VALUE (~F) 


MAXIMUM 
SWITCHING 
RATE 
vs. CLOAD SINGLE DRIVER 
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MAX620 V+ vs. lOUT 
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PIN 
NAME 
FUNCTION 


MAX620 
MAX621 


1 
1 
OUT4 
Driver Output 4 


2 
2 
OUT3 
Driver Output 3 


3 
3 
IN3 
TILJCMOS 
Compatible 
Input to Driver 3. Connect to GND if unused. 


4 
4 
IN4 
TILJCMOS 
Compatible 
Input to Driver 4. Connect to GND if unused. 


- 
Chip Enable. 
L~c 
high inhibits input data. 
Logic low transfers input data to the quad latch and 
5 
5 
CE 
driver outputs. 
CE pulse must be at least lOOns. Connect to GND for direct data transfer to 
driver outputs. 


6 
6 
PR 
Power-Ready 
Output is a logic high equal to Vcc when V+ ~ (Vcc plus 8.5V). 


7 
7 
GND 
Ground 


8 
V+ 
High-side 
voltage out. 
Equal to approximately 
Vcc plus 11V. 


8 
C2+ 
Internally connected 
to secondary 
charge-pump 
capacitor. 
Make no connection 
to this pin. 


g 
C2+ 
Positive terminal to secondary 
charge-pump 
capacitor. 
Connect to 0.047~F capacitor. 


For Vcc > 13V, connect 
to 0.01~F. 


g 
C1- 
Internalily connected 
to primary charge-pump 
capacitor. 
Make no connection 
to this pin. 


10 
C1- 
Negative 
terminal to primary charge-pump 
capacitor. 
Connect to 0.047~F capacitor. 


For Vcc > 13V, connect 
to 0.01~F. 


10-12 
C1+ 
Internally connected 
to primary charge-pump 
capacitor. 
Make no connection 
to these pins. 


11 
C1+ 
Positive terminal to primary charge-pump 
capacitor. 
Connect to 0.047~F capacitor. 


For VCC > 13V, connect 
to 0,01 ~F. 


12 
13 
VCC 
Supply Voltage. 
Connect to positive supply. 


13 
C2- 
Negative terminal to secondary 
charge-pump 
capacitor. 
Connect to 0.047~F capacitor. 


For VCC > 13V, connect 
to 0.01~F. 


14 
14 
IC. 
Internal Connection. 
Make no connection 
to this pin. 


15 
15 
IN1 
TILJCMOS 
Compatible 
Input to Driver 1. Connect to GND if unused. 


16 
16 
IN2 
TILJCMOS 
Compatible 
Input to Driver 2. Connect to GND if unused. 


17 
17 
OUT2 
Driver Output 2 


18 
18 
OUT1 
Driver Output 1 
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______ 
Detailed Description 


Figure 1 shows the MAX620/MAX621 
functional diagram. 


A regulated multi-stage charge pump supplies four MOS- 
FET drivers with VCC plus 11V for driving external MOS- 
FETS (Figure 2). The logic inputs to the four drivers are 
stored in a quad latch. Data is latched by pulling CE high. 
An undervoltage 
lockout feature prevents the driver out- 


puts from going high until V+ reaches the power-ready 
threshold 
(PRT) voltage 
(Vcc 
plus 
8.5V) and 
Vcc 
is 


greater than +3V. 


The Dual Charge Pump 


The high-side 
voltage of approximately 
11V above Vcc 


is generated 
by a multi-stage 
charge 
pump (Figure 2). 


Although the charge pump is capable of multiplying 
VCC 


by up to four times, the output is regulated 
to Vcc plus 


11V by an internal feedback 
circuit. 
The charge 
pump 


typically operates at 70kHz, but regulates by pulse-skip- 
ping. When V+ exceeds VCC plus 11V, the charge pump 
shuts off. 
As V+ falls below VCC plus 11V, the charge 


pump turns on. 


The MOSFET Drivers 


The four MOSFET drivers 
level shift TIL/CMOS 
input 
signals to output levels that switch between ground and 
Vcc plus 11V. These outputs can drive N-channel power 
MOSFETs in either high-side 
or low-side 
switching 
ap- 
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plications (a bridge arrangement 
would contain two high- 
side and two low-side 
N-channel 
MOSFET switches-- 
see Figure 4). 


Data Input Latch 


The driver outputs are separated from the data inputs by 
a quad latch. When CE is pulled low, the latch becomes 
transparent 
and data transfers 
directly 
to the outputs. 
When CE goes high, the latch enters hold mode and new 
input data is not transferred 
to the driver outputs. 


Input data must be valid typically 
1OOnsbefore the rising 
edge of CE, and held for 10ns (max over temp). 
The 
minimum CE pulse width is 100ns(.EJ.gure 3) 
If latched 
operation 
is not required, connect CE to GND. 


CEIN-1=ICEy 


I~~¥r------>E;+ ..L 


(tNl-IN4) 
_ 
,K_. 
_ 
I003<~ 


Undervoltage Latch Inhibit 


If VCC falls below +3V due to a power failure or while 
powering down, or V+ falls below VCC plus 8.5V, the quad 
latch immediately 
resets, forcing the driver outputs low. 


The quad latch remains reset until Vcc rises above +3V 
with the high-side 
voltage 
present. 
This prevents 
the 


latch 
from 
being 
corrupted 
with erroneous 
data 
in a 
momentary power failure by ensuring that it will be reset. 


Undervoltage Detector 


The 
MAX620/MAX621 
each 
contain 
an undervoltage 
detector, 
which forces 
all driver outputs 
low when the 
high-side voltage (V+) is less than the PRT or when Vcc 
is less than +3V. This ensures that the external N-channel 
MOSFET power transistors 
have sufficient 
gate drive to 
operate without dissipating 
excessive power. 
On power- 
up, the quad latch remains reset until the charge pump 
boosts the high-side voltage to the PRT 
As soon as V+ 
reaches the PRT, the undervoltage 
lockout disables, the 
quad latch is enabled, and Power Ready (PR) goes high. 


The undervoltage 
lockout feature also forces the driver 
outputs low if V+ is pulled below PRT, e.g., if the driver 
output(s) or V+ are overloaded. 


Power-Ready Output 


The MAX620/MAX621 's PR output is a direct extension 
of the undervoltage 
lockout 
feature. 
When 
power 
is 
applied, 
PR remains a logic low until V+ reaches the PRT 
and VCC exceeds 
+3V. The PR output high level is Vcc 


Capacitor Selection for the MAX620 


Capacitor 
type is not critical for the MAX620. 
However, 
if operation 
with Vcc 
exceeding 
+13V is expected, 
C1 
and C2 must be no greater than O.01~F. 
Larger value 
capacitors, 
with VCC above 
+ 13V, dissipate excessive 
energy inthe internal switches during charge-pump 
cycles. 


Sourcing Current From V+ 


(MAX620 Only} 


A small amount of current may be sourced from V+ (pin 8) to 
drive other circuitry. The amount of current is a function of 
VCC, the gate capacitance 
of all MOSFETs being driven, 


and 
the 
driver 
switching 
rate 
("MAX620 
Maximum 
Switching 
Rate vs. Additional 
V+ Load Current," Typical 
Operating 
Characteristics). 


The 
MAX620 
V+ 
output 
is not internally 
short-circuit 
protected. 
In applications 
where V+ is susceptible 
to 
short circuiting, 
external output 
short-circuit 
protection 
must be provided. 
Accomplish 
this by connecting 
a 
resistor between V+ and the load to limit the V+ current 
to less than 25mA. 
The resistor value is determined 
by 
the following formula: 


Vcc 
RCL~ 25mA 


_____ 
Application 
Information 


Data Input Transition Time 


The MAX620/MAX621 
are microprocessor 
compatible 
and easy to interface. 
However, the driver input voltage 
must not remain 
between 
VIL and VIH for more than 
500ns. 
In clocked 
data-bus 
systems, this is most easily 
accomplished 
b~etting 
data on the driver input lines 
before clocking 
CE low. However, most CMOS and TIL 
gates 
meet the 
500ns 
transition 
speed 
requirement. 


Connect unused driver inputs to GND. 


Maximum Driver Switching Rate 


The maximum driver switching 
rate occurs when loading 
causes V+ to fall to the PRT (Vcc plus 8.5V) and the driver 
outputs 
go 
low. 
It is a function 
of the 
total 
gate 
capacitance 
of all MOSFETs being driven and the maxi- 
mum available 
charge-pump 
output current 
at a given 
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supply 
voltage. 
For example, 
for Vcc 
= +5V with no 
external 
load on V+, the maximum 
switching 
rate while 
driving four 1500pF loads is 15kHz for the MAX620 (C1 
= C2 = O.047!!F) and 
14kHz for the MAX621 
('Maxi- 
mum 
Switching 
Rate 
vs. 
VCC." 
Typical 
Operating 
Characteristics). 
___ 
Typical Application 
Circuits 


H-Sridge Motor Driver 


Figure 4 shows a MAX620 driving an H-bridge switch that 
controls 
the direction 
of a +5V DC motor. 
By toggling 
between the FORWARD and REVERSE inputs as shown, 
each MOSFET driver-output 
pair turns on its associated 
MOSFET pair, which passes current through the motor, 
causing 
rotation 
in the desired 
direction. 
In order to 
prevent all four MOSFETs from switching on at once, the 
FORWARD/REVERSE inputs should be updated 
before 


clocking 
CE low. 
Of course, FORWARD and REVERSE 
must not be asserted 
simultaneously. 
Do not use a 
supply voltage that will cause the gate drive to exceed 
the absolute 
maximum 
gate-to-source 
voltage 
of the 
low-side switch. 


Stepper Motor Driver 


A MAX620, 
clock 
source, 
pulse control 
network, 
and 
translator 
logic form a complete 
stepper 
motor driver 


(Figure 5). TTL/CMOS signals from the logic network are 
translated 
to high-side 
levels that drive four N-channel 
power MOSFETs, supplying 
current to each of four step- 
per motor phases. 
Diodes provide a discharge 
current 
path for the stepper motor windings. 


Logic-Controlled, +5V Regulated Power 


Distribution 


A MAX620, LM10 reference 
and op-amp 
combination, 


and an IRFZ40 N-channel MOSFET comprise an ultra-low 
dropout +5V regulator that supplies power to four IRFZ40 
high-side 
switches (Figure 6). 


When 
the 
power 
switch, 
Sp, is closed, 
V+ 
quickly 


pumps 
up to Vcc 
plus 11V. PR remains low and holds 
the output 
of the +5V regulator 
near zero until V+ has 
reached 
the PRT, (Vcc 
plus 8.5V--4ms 
typ). 
At the 
same 
time, 
the 
undervoltage 
lockout 
feature 
of the 
MAX620 forces the driver outputs 
low until the PRT is 


reached. 
Capacitor 
C4 suppresses 
load-switching 
transients. 
Its size depends 
on the largest 
load being 
switched. 
With C4 = 1000!!F, the peak transient 
for a 


1A switched 
load is less than 150mV. 


The circuit provides a single continuous 
+5V output and 
four switched 
+5V supply lines. The regulator is capable 
of supplying 
several amps with a typical dropout voltage 
of 28mV at 1A (01=IRFZ40) 


GND 


7 


Quad, High-Side MOSFET Drivers 


11 
C1+ 
C2+ 
9 


.•••..•AX •.•••..• 


10 
MAX620 


C1- 
C2- 
13 


HELL 
+ 
NICAD 
- 


STACK l 


Quad, High-Side MOSFET Drivers 


SW2 
16 
IN2 


SW3 
3 
IN3 


SW4 
4 
IN4 


CHIP ENABLE 
IT 
GND 


7 


- 


+ C4 
T l00~F 


.•••..•AX •.•••..• 


MAX620 


CT· 
C2· 


12 
Vcc 
PR 


Quad, High-Side MOSFET Drivers 


IN2 


OUT2 
oun 


OUT4 


OUT3 


0.084" 


(2.134mm) 


NOTE: 
Connect 
substrate 
to V+. 


MAX620 transistor 
count: 
303 


_______ 
General Description 


The MAX622/MAX623 
high-side power supplies, using a 
regulated charge-pump, 
generate a regulated output volt- 


age 11V greater than the input supply voltage to power 
high-side 
switching 
and 
control 
circuits 
The 
MAX622/MAX623 
allow 
low-resistance 
N-Channel 
MOSFETs (FETs)to be used in circuits that normally require 
costly, less efficient P-Channel FETs and PNP transistors. 
The high-side output also eliminates the need for logic FETs 
in +5V and other low-voltage switching circuits. 


A +3.5V to + 16.5V input supply 
range 
and a typical 
quiescent 
current 
of 
only 
70~A 
make 
the 
MAX622/MAX623 
ideal 
for a wide 
range 
of line- and 
battery-powered 
switching 
and 
control 
applications 
where efficiency 
is crucial. 
Also provided is a logic-level 


Power-Ready 
Output (PR) to indicate when the high-side 
voltage reaches the proper level. 


The MAX622 comes in 8-pin DIP and SO packages 
and 
requires 
three 
inexpensive 
external 
capacitors. 
The 


MAX623 
is supplied 
in 16-pin DIPs only, but contains 


internal capacitors 
and requires no external components. 


__________ 
Applications 


High-Side 
Power Control with N-Channel FETs 


Low-Dropout 
Voltage Regulators 


Power Switching from Low Supply Voltages 


H-Switches 


Stepper Motor Drivers 


Battery-Load 
Management 


Portable Computers 


O.1~F 
CERAMIC :J 


~III~JXI~III 
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Features 


• 
+3.5V to +16.5V Operating Supply Voltage Range 


• 
Output Voltage Regulated to Vcc + 11V (Typ) 


• 
70~A Typ Quiescent Current 


• 
Power-Ready 
Output 


PART 
TEMP. RANGE 
PIN·PACKAGE 


MAX622CPA 
O'C to +70'C 
8 Plastic DIP 


MAX622CSA 
O'C to +70'C 
8S0 


MAX622C/D 
O'C to +70'C 
Dice" 


MAX622EPA 
·40'C to +85'C 
8 Plastic DIP 


MAX622ESA 
-40'C to +85'C 
8S0 


MAX623CPE 
O'C to +70'C 
16 Plastic DIP 


MAX623EPE 
-40'C to +85'C 
16 Plastic DIP 


/vl/J X I/vl 
Maxim Integrated 
Products 
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.••••••.•• J X I .••••••is a registered 
trademark 
of Maxim Integrated 
Products. 


High-Side Power Supplies 


ABSOLUTE MAXIMUM RATINGS 
Vcc 
VOUT . 
lOUT 
Continuous 
Total Power Dissipation 
(TA ; +70'C) 
8-pin Plastic DIP (derate 6.9mWrC above +70'C) 
. 
8-pin SO (derate 5.88mWrC 
above +70'C) 
.. 


16-pin Plastic DIP (derate 7.41mWrC above +70'C) 
. 


.+17V 


.. 
+30V 
... 
25mA 


Operating 
Temperature 
Ranges: 


MAX62 _ C _ _ 
O·C to +70'C 
MAX62 _ E _ _ 
-40'C to +85'C 
Storage Temperature 
Range 
. -65'C to +160'C 


Lead Temperature 
(soldering, 
10 see) 
+300'C 
552mW 
471mW 
593mW 


Stresses 
beyond 
those listed under 
"Absolute 
Maximum 
Ratings· 
may cau~e permanent 
damage 
to the .device. 
These are stress ratings 
only, and functional 


operation of the device at these or any other conditions beyond those indIcated 
in the operational sections of the specifications 
is not Implied. 
Exposure to 


absolute 
maximum 
rating conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL CHARACTERISTICS 
(MAX622) 


(Vcc ; +5V, TA ; TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Supply Voltage 
VCC 
35 
165 
V 


lOUT; 
0, VCC ; 3.5V, 
11.5 
12.5 
16.5 
C1 ; C2; 
0.047IlF, C3; 
11lF 


lOUT; 
0, Vcc ; 4.5V, 
145 
155 
17.5 
Cl 
; C2; 
00471lF, C3; 
11lF 


lOUT; 
0, VCC; 
16.5V, 


Cl 
; C2; 
O.Q1IlF, C3; 
11lF 
26.5 
27.5 
29.5 


High-Side 
Voltage (Note 1) 
VOUT 
(Note 2) 
V 
lOUT; 
50IlA, VCC ; 3.5V, 
8.5 
10.5 
16.5 
Cl 
; C2; 
0.047IlF, C3; 
11lF 


lOUT; 
250IlA, Vcc ; 5V, 
15 
18 
Cl 
; C2; 
0.047IlF, C3; 
11lF 


lOUT; 
500IlA, Vcc; 
16.5V, 


Cl 
; C2; 
O.OlIlF, C3; 
11lF 
265 
29.5 
(Note 2) 


Power -Ready Threshold 
PRT 
lOUT; a (Note 3) 
12 
13.5 
14.5 
V 


Power-Ready 
Output High 
PROH 
ISOURCE; 
1001lA 
38 
4.3 
5 
V 


Power-Ready 
Output Low 
PROL 
ISINK; 
lmA 
0.4 
V 


Output Voltage Ripple 
VR 
Cl 
; C2; 
O.OlIlF, C3; 
101lF, 
50 
mV 
lOUT; 
1mA, VCC ; 
16.5V 


Switching 
Frequency 
Fa 
90 
kHz 


lOUT; 
0, VCC ; 5V, 


Cl 
; C2; 
0.047IlF, C3; 
11lF, 
70 
500 


Quiescent 
Supply Current 
IQ 


TA; 
+25'C 


lOUT; 
0, VCC; 
16.5V, 
IlA 


Cl 
; C2; 
00471lF, C3; 
11lF, 
70 
350 


TA; 
+25'C 
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ELECTRICAL CHARACTERISTICS 
(MAX623) 


(Vcc; 
+5V, TA; 
TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Supply Voltage 
VCC 
35 
16.5 
V 


lOUT; 
0, VCC ; 3.5V 
11.5 
12.5 
165 


lOUT; 
0, VCC ; 4.5V 
14.5 
15.5 
17.5 


lOUT; 
0, VCC ; 
16.5V 
26.5 
27.5 
29.5 
High-Side 
Voltage (Note 1) 
VOUT 
V 
lOUT; 
5011A,Vcc ; 3.5V 
8.5 
10.5 
165 


lOUT; 
25011A,VCC ; 5V 
15 
18 


lOUT; 
50011A, VCC ; 
16.5V 
265 
29.5 


Power-Ready 
Threshold 
PRT 
lOUT; 
0 (Note 3) 
12 
135 
145 
V 


Power-Ready 
Output High 
PROH 
ISOURCE; lOO11A 
3.8 
4.3 
5 
V 


Power-Ready 
Output Low 
PROL 
ISINK; 
lmA 
0.4 
V 


Output Voltage Ripple 
VR 
lOUT; 
5OO11A 
100 
mV 
(Note 4) 


Switching 
Frequency 
Fa 
90 
kHz 


lOUT; 
0, VCC ; 5V, 
70 
500 
TA; 
+25'C 
Quiescent 
Supply Current 
IQ 
llA 
lOUT; 
0, Vcc ; 
16.5V, 
70 
350 
TA; 
+25'C 


Note 1: High-Side 
Voltage measured 
with respect to ground. 


Note 2: For VCC > + 13V on the MAX622, use Cl 
; C2; 
O.D1!,F. 


Note 3: Power-Ready 
Threshold 
is the voltage with respect to ground at VOUTwhen PR switches 
high (PR ; Vcc). 


Note 4: Output Voltage Ripple on the MAX623 may be reduced 
by adding 
an external 
10!,F reservoir capacitor. 


MAX622 
MAX623 
NAME 
FUNCTION 
8-PIN 
16-PIN 


1 
C1+ 
Positive terminal to primary charge-pump 
capacitor. 


1-5,11-13,15,16 
I.C. 
Internal Connection. 
Make no connection 
to this pin. 


2 
C2- 
Negative 
terminal to secondary 
charge-pump 
capacitor. 


3 
6 
PR 
Power-Ready 
Output. 
High when VOUT is ~ VCC + 8.5V with respect 
to GND. 


4 
7,8 
GND 
Ground 


5 
9,10 
VOUT 
High-Side 
Voltage Out 


6 
C2+ 
Positive terminal to secondary 
charge-pump 
capacitor. 


7 
Cl- 
Negative 
terminal to primary charge-pump 
capacitor. 


8 
14 
Vcc 
Input Supply 
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C' J01~F 


VCC = +SV, IO'UT= iJ 
TA=+2S'C 
Cl=C2=C' 


2 
3 
4 
S 
6 
7 
8 
9 
10 


C3 CAPACITOR VALUE (j.tF) 


1.4 


12 


'? 
E.~ 
0.8! 
0.6 
>- 
0- 
0- 
OA 
=> 
'" 
0.2 


IOUT=O' 


I 
fl:;fl-c 


- 
c- 


C1=C2=0.01~F 
I 
Cl =C2=OA7~F 
_ 


"" 


I 
I 
I 
- 


300 


2S0 
1 
~ 
200 
I 
=>'-' 
~ 


lS0 


i7l 
100 


1000 


900 


'? 
800 


.=; 
700 
~ 
600 


;;;§ 
SOO 


::;;~ 
400 


::;; 
300 


200 


100 


~CC~+16ISV 
I 


lOUT = 0 


I---TA=+2S'C 
-- 
C1= 
C2 = 001~F 
/' 


/ l/ 
7 
/ 
l/ 


SO 
1 
3 
4 
S 
6 
7 
8 
9 
10 


C3 CAPACITOR VALUE (~F) 


I 
-VCC= 
+SV 


-fl:;gf-~ 


----- 
./ 


NOTE: 
MAXIMUM 
lOUT IS THE LOAO 
CURRENT AT THE POINT 


~HERE ~90~T BEGINS TO 
OSE RE ULATION 
o 
0.01 
0.1 


C1 = C2 CAPACITANCE 
VALUE (~F) 


VCC=+12V 
C3=1~F 
r\ '\ 


A= +2 ·c 


Cl'=c2= 


\ 


0047~F 


- 
C1=C2- 
¥I 
I 


Cl = C2 


O~l~F 
= 0.022~F 


IF 


\ 


o 
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4 
S 
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lOUT (mA) 
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MAX622 OUTPUT VOLTAGE 
RIPPLE 
vs" RESERVOIR 
CAPACITOR 
C3 
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______ 
Detailed 
Description 


Charge-Pump Operation 


The 
MAX622/MAX623 
are multi-stage 
charge-pump 
power 
supplies. 
Although 
the 
charge 
pumps 
are 
capable 
of multiplying 
VCC up to four times, the outputs 
are regulated to VCC+11V by an internal feedback 
circuit 
for inputs above 4V. The charge pumps typically operate 
at 90kHz, but regulate 
by pulse-skipping. 
When VOUT 
exceeds VCC+ 11V, the oscillator shuts off. As VOUTdips 
below VCC+ 11V, the oscillator turns on. 


Power-Ready Output 


The Power-Ready 
Output 
(PR) signals 
control 
circuitry 
when the high-side 
voltage reaches a preset level. This 
feature can be used to protect external FET switches from 
excess dissipation 
and damage by preventing them from 
turning on, except when adequate 
gate drive levels are 
present. 
When power is applied, 
PR remains low until 


VOUT reaches approximately 
VCC +8.5V. PR also goes 
low if VOUT falls below this level during operation, 
i.e. if 
the output is overloaded. 
The PR high level is VCC 


________ 
Application 
Hints 


Quiescent Supply Current 


MAX622 quiescent 
supply 
current varies with VCC and 
with the values of C1, C2, and C3 (Typical 
Operating 
Characteristics). 
Even with no external load, the device 
must still pump to overcome internal losses. Larger ratios 
between 
C3 and C1 or C2 require more charge-pump 
cycles 
to 
restore 
VOUT. The 
MAX623 
with 
internal 
capacitors 
is not subject to supply-current 
variations with 
capacitor 
ratio. As VCC falls below 5V, quiescent current 
rises fairly rapidly to about 1mA at 4V (Typical Operating 
Characteristics). 
This rise occurs 
because 
VOUT no 


longer pulse-skips 
to regulate at low input voltages; 
the 
oscillator 
runs continuously, 
so supply current is higher. 


Figure 2 shows the test circuits for the MAX622/MAX623 
quiescent 
supply current. 


VOUT 


S8 


S7 


C3 
V'NT 
RC OSCILLATOR 


C2 


S6 
CONTROL 
LOGIC 


S4 
OVERVOLTAGE 
COMPARATOR 


S3 


Vcc 


C1 
S2 


'--------y----- 


TWO-STAGE 
CHARGE 
PUMP 


(SWITCHES 
SHOWN 
IN REFRESH 
MODE) 


Output Ripple 


VOUT ripple is typically SOmVpeak-to-peak with VCC = +SV, 
C1 and C2 = O.047~F, and C3 = 1~F (Typical Operating 
Characteristics). 
Ripple can be reduced 
by increasing 
the ratio between 
the output storage 
capacitor 
C3 and 
C1 and C2. 
This is usually accomplished 
by increasing 
C3 and keeping 
C1 and C2 in the O.Q1~F to 0047~F 
range. For example, if C1 and C2 are O.047~F (VCCmust 
not exceed 
13V) and C3 is 1O~F, output ripple typically 
falls 
to 
1SmV 
(Typical 
Operating 
Characteristics). 


Similarly, MAX623 output ripple is reduced 
by adding an 
external storage capacitor 
from VOUTto Vcc. 


Capacitor Selection 


Capacitor type is unimportant 
when selecting capacitors 
for the MAX622. 
However, when VCC exceeds 
13V, C1 
and C2 must be no greater than O.01~F. 
Using larger 


value capacitors 
with input voltages 
above 13V causes 
excessive 
amounts 
of energy 
to pass through 
internal 


VSUPPlY 
A 


C4 + 


100~f I 


LOWESR 


Cl- 


AII.ilIXlAII 


C2+ 
MAX622 
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switches during charge-pump 
cycles. 
This may damage 
the device. 


Output Protection 


The 
MAX622/MAX623 
are 
not 
internally 
short-circuit 
protected. 
In applications 
where the output is suscep- 
tible to short circuit, external output short-circuit 
protec- 
tion must be provided. 
Accomplish 
this by connecting 
a 
resistor between VOUTand the load to limit output current 
to less than 2SmA. 
The resistor value is determined 
by 


the following formula: 


VCC 


RCL <?: 2SmA 


______ 
Typical Applications 


Simple Single-Load Switch 


A single switch can be made with the MAX622/MAX623 
and a MAX480 
op amp 
configured 
as a comparator 


GND 


7,8 
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(Figure ~he 
switch is turned on by applying 
VSATI to 


the ON/OFF input and turned off by pulling it to GND. 


One MAX622 Drives 
Six High-Side Switches 


Multiple subsystems 
or modules 
can be turned on and 


off using a single MAX622 and an open-drain 
hex buffer 


such as the 74C906 (Figure 4). 
The drains of all buffer 


outputs are pulled up through resistors to the MAX622's 
VOUT. The pull-up resistance depends 
on the number of 


channels 
being 
used 
with the 
MAX622/MAX623 
and 


power-dissipation 
limitations. 
The 
minimum 
pull-up 


resistor value is determined 
by the number of channels 


paralleled on each high-side power supply and the high- 
side output current from the MAX622/MAX623 
at a given 


supply voltage, calculated 
as follows: 


R 
VOUT x (number of channels) 
MIN = 
lOUT 


where VOUT is the high-side 
output voltage and lOUT is 


the output current of the MAX622. 


For example, assuming an output current of 1mA and six 
channels, 
as in Figure 4, the minimum 
pull-up 
resistor 


value that will not excessively 
load the MAX622 is about 


100kn, 
assuming 
all six channels 
are pulled low at the 


same time. 
The value of the pull-up resistor also affects 


the turn-on time of each FET, and hence the amount of 


energy dissipated 
in the FET during turn on. The rate of 


rise of VGSis limited by the RC time constant of the pull-up 
resistor and FET gate capacitance; 
waste power will be 


dissipated 
in the FET equal to (lLOAO)2 x rOS during the 


RC time period. 


H-Bridge Motor Driver 


An H-bridge motor driver is shown in Figure 5. The motor 
direction can be controlled by toggling between IN1 and IN2 
of the DG303 analog switch. Each switch section turns on the 
appropriate FEr pair which passes current through the motor 
in the desired direction. 


Battery-Load Controller 


In Figure 6, a MAX8211 undervoltage 
detector 
detects 


the battery's end-of-Iife, 
and a MAX622 high-side 
power 


supply 
turns the power 
FET switch on. 
During normal 
operation, 
the 
MAX8211 
Hysteresis 
pin 
powers 
the 


MAX622, providing 
gate-drive to keep the FET off. When 


the battery reaches its discharge 
threshold 
(end-of-life), 


the MAX8211 output pulls the FET gate low, cutting 
off 


current to the load. 
At the same time, the Hysteresis pin 


goes low, turning off the MAX622. 
As a result, supply 


current is approximately 
1011Ain the load-disconnected 
condition. 


-=1i 


NlAXINI 


MAX480 


Figure 3. Single-Load 
Switch 
4-38 
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Cl- 
MAX622 


NOTE1: 
t~~~~I~~W~sW6m~6sS~~TEoHl~GCURRENT 


NOTE 2: 
POWER TRANSISTOR 
TYPE DEPENDS 
ON 
LOAD-CURRENT 
REQUIREMENTS. 


4·Channel 
Load Switch 
With No Pull-Up 
Resistors 


Multiple high-side 
switches can be driven from a single 
MAX622/MAX623 
high-side power supply with no pull-up 


resistors 
on the FET gates. 
In Figure 
7, a MAX622 
supplies 
high-side 
voltage 
to a MAX333 quad 
analog 
switch to control anyone 
of four high-side switches. 
The 
FET gates are normally connected 
to ground when the 
MAX333 logic inputs are low. 


Low-Dropout 
Regulator 


In Figure 8, a MAX622 high-side 
power supply 
powers 
an LM10 reference and op-amp combination, 
providing 
sufficient 
gate drive to turn on the FET. This allows the 
regulator to achieve 
less than 70mV dropout at 1A load 
using an IRF541, and just under 20mV for a SMP60N06. 


The 200mV reference 
section is configured 
for a gain of 
25 (e.g. 200mV x 25 = 5V) and connects to the noninvert- 
ing input of the op amp; the regulator's 
output connects 
directly to the inverting input. 
The op amp amplifies the 
error between its inputs and varies the gate drive to the 
FET, regulating 
the output. 
Capacitor 
C6 reduces tran- 
sients 
due to load changes; 
its size depends 
on the 


/i.'I/JX 
1/i.'1 


ALL TRANSISTORS 
= IRF541 (NOTE 2) 


TO lALOAD 


magnitude 
of the load change in the application 
and can 


be reduced 
or eliminated 
if the load remains relatively 
constant. 
With C6 = 1OOOIJ-F,the output transient to a 1A 
load pulsed at 20Hz is typically 
less than 150mV. 
The 


regulator 
is turned 
on 
by 
applying 
VSATI 
to 
the 


Enable/Shutdown 
input 
and turned 
off by pulling 
this 
input to ground. 


The regulator output voltage, VOUT, is set by the ratio of 
R1 to R2, calculated 
as follows: 


If the application 
does not require logic shutdown, 
con- 


nect the MAX622 
VCC pin directly 
to the battery 
and 
eliminate 02. 
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NOTE 5: 
Rl, R2, AND R3 CALCULATED AS FOLLOWS: 
R1 = 100kil 
~g~~~: 
~~+~~E~I~R}~i~ 
PoINT-BATTERY 
END L1FE= +4V 
R2 = R1 (VU -115) 
= 100kfl 
(5V -115V) 
=330kil 


NOTE 3: 
IQ(ILOAO=O)=lOuA 
115 
1.15V 


NOTE 4: 
ISUPPLYWITH LoAb CONNECTED = 300" A 
R3 = R2 (VL -1.15V) 
= 330kfl 
(4V -1.15V) 
= 1Mfl 
r 
VU-VL 
1V 
• 


Figure 6. Battery-Load 
Controller Prevents Excessive 
Load at Battery End-of-Life 


WHERE Vu = UPPER THRESHOLD, 
VL = LOWER THRESHOLD, 
VU-VL = HYSTERESIS 
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Quad, High-Side Power Switch 


_______ 
General 
Description 


The MAX625 
is a quad 
high-side 
power 
switch 
that 
switches 
1A steady state loads with 5A peak currents. 


The switch resistances 
are typically 
O.2il, and internal 
clamp 
diodes 
allow 
inductive 
load 
switching. 
The 
MAX625 is completely 
self-contained 
in a 24-pin, 0.300" 
narrow 
plastic 
DIP package 
and requires 
no external 


components 
for normal operation. 


The +4.5V to + 16.5V input supply range and a typical 
quiescent current of only 70J.!Amake the MAX625 ideal for a 
wide range of line- and battery-powered switching and con- 
trol applications that require high efficiency and small size. 


An internal quad latch accepts four TTUCMOS logic sig- 
nals that control the four switches. The MAX625 eliminates 
expensive logic MOSFETs in +5V-only and other low-volt- 
age switching circuits. 
It also replaces costly, bulky, and 


less efficient P-channel MOSFETs or PNP transistors. 
__________ 
Applications 


Portable Computer 
Battery-Load 
Management 


High-Side 
Power, N-Channel MOSFET Switching 


Low-Side Switching from Low Supply Voltages 


Solid-State Relay 


Quad-Latching 
Level Translators 


H-Bridge 
Motor Drivers 


Stepper Motor Drivers 


____ 
Typical 
Operating 
Circuit 


GND 
10 
9 
c=- 
PR 


• 
O.2il Switch Resistance 


• 
+4.5V to +16.5V Operating Supply Voltage Range 


• 
Output Voltage Regulated to Vcc + 11V (Typ) 
Available at V+ 


• 
70llA Quiescent Current (Typ) 


• 
Quad Latched nUCMOS 
Inputs 


• 
Power-Ready 
Output 


• 
Undervoltage 
Lockout 


PART 
TEMP. RANGE 
PIN·PACKAGE 


MAX625CNG 
O·C to +70·C 
24 Narrow Plastic DIP 


MAX625ENG 
-40·C to +8S·C 
24 Narrow Plastic DIP 


_______ 
Genera/ Description 


Maxim's 
MAX630 
and 
MAX4193 
CMOS 
DC-DC 


regulators are designed for simple, efficient, minimum 
size OC-DC converter circuits in the 5 milliwatt to 5 
watt range. The MAX630 and MAX4193 provide all 
control 
and power handling functions 
in a compact 


8 pin 
package: 
a 
1.31V bandgap 
reference, 
an 


oscillator, 
a voltage 
comparator, 
and 
a 375mA 


N-channel output MOSFET. A comparator is also pro- 
vided for low battery detection. 


Operating 
current 
is only 70llA and is nearly inde- 


pendent 
of output 
switch 
current 
or duty cycle. A 
logic 
level input shuts down the regulator 
to less 


than 11lA quiescent current. 
Low current operation 


ensures high efficiency 
even in low power battery 
operated 
systems. The MAX630 and MAX4193 are 


compatible 
with 
most 
battery 
voltages, 
operating 


from 2.0V to 16.5V. 


The devices are pin compatible 
with the Raytheon 


bipolar circuits, 
RC4191/2/3, while providing signifi- 


cantly improved efficiency and low voltage operation. 
Maxim also manufactures the MAX631, MAX632, and 
MAX633 DC-DC 
converters 
which 
reduce the ex- 
ternal component 
count in fixed output 5V, 12V,and 


15V circuits. See Table 2 on the last page of this data 
sheet 
for 
a summary 
of 
other 
Maxim 
DC-DC 


converters. 


__________ 
App/ications 


+5V to +15V DC-DC Converters 


High Efficiency Battery Powered 
DC-DC Converters 


+3V to +5V DC-DC Converters 


9V Battery Life Extension 


Uninterruptible 
5V Power Supplies 


5mW to 5 Watt Switch-mode 
Power 
Supplies 


""'A X I"'" 


MAX630 
MAX4193 


~~I~JXI~~I 


CMOS Micropower 


Step-Up Switching Regulator 


• 
High Efficlency-85% 
'TYpical 


• 
70llA 'TYpical Operating 
Current 


• 
11lA Maximum 
Quiescent 
Current 


• 2.0 to 16.5V Operation 


• 
525mA (Peak) Onboard 
Drive Capability 


• 
±1.5% Output 
Voltage Accuracy 
(MAX630) 


• 
Low Battery Detector 


• 
Compact 
8 Pin Mini-DIP 
and SO Packages 


• Pin Compatible 
With RC4191/2/3 


PART 
TEMP. RANGE 
8 Lead PACKAGE 


MAX630CPA 
O·C to +70·C 
8 Lead 
Plastic 
DIP 


MAX630CSA 
O·C to +70·C 
8 Lead Small 
Outline 


MAX630CJA 
O·C to +70·C 
8 Lead CERDIP 


MAX630EPA 
-40·C 
to +85·C 
8 Lead 
Plastic 
DIP 


MAX630ESA 
-40·C 
to +85·C 
8 Lead Small 
Outline 


MAX630EJA 
-40·C 
to +85·C 
8 Lead 
CERDIP 


MAX630MJA 
-55·C 
to +125·C 
8 Lead 
CERDIP 


MAX4193C/D 
O·C to +70·C 
Dice 


MAX4193CPA 
O·C to +70·C 
8 Lead 
Plastic 
DIP 


MAX4193CSA 
O·C to +70·C 
8 Lead 
Small 
Outline 


MAX4193CJA 
O·C to +70·C 
8 Lead CERDIP 


MAX4193EPA 
-40·C 
to +85·C 
8 Lead 
Plastic 
DIP 


MAX4193ESA 
-40·C 
to +85·C 
8 Lead 
Small 
Outline 


MAX4193EJA 
-40·C 
to +85·C 
8 Lead CERDIP 


MAX4193MJA 
-55·C 
to +125·C 
8 Lead CERDIP 


CMOS Micropower 
Step-Up Switching Regulator 


ABSOLUTE 
MAXIMUM 
RATINGS 


Supply 
Voltage 
18V 
Storage 
Temperature 
Range. 
. . . . . . . . . . . . .. 
-65·C 
to +160·C 
Lead Temperature 
(Soldering. 
10 seconds) 
+300·C 
Operating 
Temperature 
Range 


MAX630C. 
MAX4193C 
O·C to +70·C 
MAX630E. 
MAX4193E 
.............•..... 
-40·C 
to +85·C 
MAX630M, 
MAX4193M 
....•.......•.... 
-55·C 
to +125·C 


Power 
Dissipation 


Plastic 
DIP (derate 
6.25mW/·C 
above 
50·C) 
468mW 
Small 
Outline 
(derate 
5.88mWI"C 
above 
50· C) 
441mW 
CERDIP 
(derate 
8.33mW/·C 
above 
50·C) 
833mW 


Input 
Voltage 
(Pins 
1, 2, 6, 7) 
-0.3V 
to +Vs +0.3V 


Output 
Voltage, 
Lx and LBD 
. . . . . . . . . . . . . . . . . . . . . . . . .. 
18V 


Lx Output 
Current 
................•.......... 
525mA 
Peak 


LBD Output 
Current 
SOmA 


Stresses 
above 
those 
listed 
under 
''Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage 
to the 
device. 
These 
are 
stress 
ratings 
only, 
and 
functional 
operation 
of the 
device 
at these 
or any 
other 
conditions 
above 
those 
indicated 
in the 
operational 
sections 
of the 
specifications 
is no 
implied. 
Exposure 
to 


absolute 
maximum 
ratings 
conditions 
for extended 
periods 
may 
affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 


(+Vs; 
+6.0V, TA; 
+25·C, 
Ic; 
5.0I'A, 
unless 
otherwise 
noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MAX630 
MAX4193 
UNITS 
MIN. 
TYP. 
MAX. 
MIN. 
TYP. 
MAX. 


Supply 
Voltage 
+Vs 
Operating 
2.0 
16.5 
2.4 
16.5 
V 
Start-up 
1.8 


Internal 
Reference 
Voltage 
VAEF 
1.29 
1.31 
133 
1.24 
1.31 
1.38 
V 


Switch 
Current 
Isw 
V3; 
400mV 
75 
150 
75 
150 
mA 


Supply 
Current 
(at Pin 5) 
Is 
13; 
OmA 
70 
125 
90 
200 
I'A 


Efficiency 
85 
85 
% 


Line 
Regulation 
(Note 
1) 
0.5Vo < Vs < Vo 
0.08 
0.2 
0.08 
0.5 
% VOUT 


Load 
Regulation 
(Note 
1) 
Vs ; +5V. PLOAO; 
0 to 150mW 
0.2 
0.5 
0.2 
0.5 
% VOUT 


Operating 
Frequency 
Fo 
0.1 
40 
75 
0.1 
25 
75 
kHz 
Range 
(Note 
2) 


Reference 
Set Internal 
R,C 
V6; 
Vs 
0.5 
15 
10 
0.5 
1.5 
10 
Mll 
Pulldown 
Resistance 


Reference 
Set Input 
V,C 
0.2 
0.8 
1.3 
0.2 
0.8 
1.3 
V 
Voltage 
Threshold 


Switch 
Current 
Isw 
V3; 
1.0V 
100 
100 
mA 


Switch 
Leakage 
Current 
Ico 
V3; 
16.5V 
0.01 
10 
0.01 
5.0 
I'A 


Supply 
Current 
(Shut 
Down) 
Iso 
Ic < O.OlI'A 
0.01 
1.0 
0,01 
5.0 
I'A 


Low 
Battery 
Bias Current 
ILBA 
0.01 
10 
0.01 
10 
nA 


Capacitor 
Charging 
Current 
Icx 
30 
30 
I'A 


Cx + Threshold 
Voltage 
+Vs - 0.1 
+Vs - 0.1 
V 


Cx - Threshold 
Voltage 
0.1 
0.1 
V 


VFB Input 
Bias Current 
IFB 
0.01 
10 
0.01 
10 
nA 


Low 
Battery 
Detector 
ILBO 


V.; 
O.4V, 
250 
600 
250 
600 
I'A 
Output 
Current 
V,; 
l.lV 


Low 
Battery 
Detector 
'LBDD 


V.; 
16.5V, 
0.01 
5.0 
0.01 
5.0 
I'A 
Output 
Leakage 
V,; 
1.4V 


CMOS Micropower 


Step-Up Switching Regulator 


ELECTRICAL 
CHARACTERISTICS 


(+vs = +6.0V, TA = Full Operating 
Temperature 
Range, 
Ie = 5.0!,A, 
unless 
otherwise 
noted) 


PARAMETER 
SYMBOL 
CONOITIONS 
MAX630 
MAX4193 
UNITS 
MIN. 
TYp. 
MAX. 
MIN. 
TYP. 
MAX. 


Supply 
Voltage 
+Vs 
2.2 
16.5 
3.5 
16.5 
V 


Internal 
Reference 
Voltage 
VREF 
1.25 
1.31 
1.37 
1.20 
1.31 
1.42 
V 


Supply 
Current 
(Pin 
5) 
's 
13 = OmA 
70 
200 
90 
300 
I'A 


Line 
Regulation 
(Note 
1) 
0.5VOUT 
< Vs < VOUT 
0.2 
0.5 
0.5 
1.0 
% VOUT 


Load 
Regulation 
(Note 
1) 
Vs = +0.5Vo, 
PL = 0 to 150mW 
0.5 
1.0 
0.5 
1.0 
% VOUT 


V6 = Vs 
Reference 
Set Internal 
R,C 
O'C" 
TA" 
+70'C 
0.45 
1.5 
10 
0.45 
1.5 
10 
MO 
Pulldown 
Resistance 
-40'C" 
TA" 
+85'C 
0.4 
1.5 
10 
0.4 
1.5 
10 


-55'C"TA,,+125'C 
0.3 
1.5 
10 
0.3 
1.5 
10 


Reference 
Set Input 
V,C 
0.2 
0.8 
1.3 
0.2 
0.8 
1.3 
V 
Voltage 
Threshold 


Switch 
Leakage 
Current 
Ico 
V3 = 16.5V 
0.1 
30 
0.1 
30 
I'A 


Supply 
Current 
(Shut 
Down) 
Iso 
Ic < 0.011'A 
0.01 
10 
0.01 
30 
I'A 


Low 
Battery 
Detector 


ILBO 
V. = O.4V, V, = 1.1V 
250 
600 
250 
600 
I'A 
Output 
Current 


PIN 
NAME 
FUNCTION 


1 
LBR 
Low 
Battery 
Detection 
Comparator 


input.The 
LBD 
output, 
pin 8, sinks 
current 
when 
ever this 
pin 
is below 
the low 
battery 
detector 
threshold, 
typically 
1.31 V 


2 
Cx 
An external 
capacitor 
connected 
between 


this 
terminal 
and 
ground 
sets the 
oscillator 
frequency. 
47pF = 40KHz. 


3 
Lx 
This 
pin drives 
the external 
inductor. 
The 
internal 
N-channel 
MOSFET 
which 
drives 
lx 
has an output 
resistance 
of 4 ohms 
and 


a peak 
current 
rating 
of 525mA. 


4 
GND 
Ground. 


5 
+Vs 
The 
positive 
supply 
voltage, 
from 
2.0V to 
16.5V (MAX630). 


PIN 
NAME 
FUNCTION 


6 
Ic 
The 
MAX630/MAX4193 
shuts 
down 
when 
this 
pin is left floating 
or is driven 
below 


0.2V 
For normal 
operation 
connect 
Ic 


directly 
to +Vs or drive 
it high 
with 
either 
a 


CMOS 
gate 
or pull-up 
resistor 
connected 
to +V s. The supply 
current 
is typically 


10nA in the shutdown 
mode. 


7 
VFS 
The 
output 
voltage 
is set by an external 


resistive 
divider 
connected 
from 
the 


converter 
output 
to VFS and 
Ground. 
The 


MAX630/MAX4193 
will 
pulse 
the 
Lx output 


whenever 
the voltage 
at this terminal 
is 


less than 
1.31 V 


8 
LSD 
The 
Low 
Battery 
Detector 
output 
is an 


open 
drain 
N-ehannel 
MOSFET 
which 


sinks 
up to 600 I'A 
(typ) 
whenever 
the 
lBR 


input, 
pin 
1, is below 
1.31V 


CMOS Micropower 
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_______ 
Detailed Description 


The operation 
of the MAX630 can best be under- 


stood by examining the voltage regulating 
loop of 


Figure 1. R1 and R2 divide the output voltage, which 
is compared 
with 
the 
1.3V internal 
reference 
by 


comparator 
COMP1. When the output 
voltage 
is 


lower than desired, the comparator output goes high 
and the oscillator output pulses are passed through 
the NOR gate latch, turning on the output N-channel 
MOSFET at pin 3, Lx. As long as the output voltage 
is less than the desired voltage, pin 3 drives the 
inductor 
with 
a series of pulses at the oscillator 
frequency. 


Each time the output N-channel MOSFET is turned 
on, the current 
through 
the external 
coil, 
L1, in- 
creases, storing 
energy in the coil. Each time the 


output turns off, the voltage across the coil reverses 
sign and the voltage at Lx rises until the catch diode, 
01, is forward biased, delivering power to the output. 


When the output voltage reaches the desired level, 
1.31Vx (1 + R1/R2), the comparator output goes low 
and the inductor is no longer pulsed. Current is then 
supplied by the filter capacitor, C1, until the output 
voltage drops below the threshold, and once again 
Lx is switched on, repeating the cycle. The average 
duty cycle at Lx is directly proportional to the output 
current. 


Output 
Driller 
(Lx Pin} 


The 
MAX630/MAX4193 
output 
device 
is a large 


N-channel 
MOSFET 
with 
an 
ON 
resistance 
of 


4 ohms and a peak current 
rating of 525mA. One 


well 
known 
advantage that 
MOSFETs have over 


bipolar transistors in switching applications is higher 
speed, which reduces switching 
losses and allows 
the use of smaller, lighter, less costly magnetic com- 
ponents. Also important 
is that MOSFETs, unlike 


bipolar 
transistors, 
do 
not 
require 
base current 


which, 
in low power DC-DC converters, often ac- 


counts for a major portion of input power. 


The operating current of the MAX630 and MAX4193 
increases by approximately 
1/lA/kHz 
at maximum 
power output due to the charging current required 
by the gate capacitance of the Lx output driver (e.g. 
40/lA increase at a 40kHz operating frequency). 
In 


comparison, equivalent bipolar circuits typically drive 
their NPN Lx output device with 2mA of base drive, 
causing 
the bipolar 
circuit's 
operating 
current 
to 


increase by a factor of 10 between no load and full 
load. 


Oscillator 


The oscillator frequency is set by a single external, 
low cost ceramic capacitor connected to pin 2, Cx. 
47pF sets the oscillator to 40kHz, a reasonable com- 
promise between lower switching losses at low fre- 
quencies 
and 
reduced 
inductor 
size 
at 
higher 


frequencies. 


Low Battery 
Detector 


The low battery detector compares the voltage on 
LBR with the internal 1.31V reference. The output, 
LBO, is an open drain N-channel MOSFET. In addi- 
tion to detecting and warning of a low battery vol- 
tage, the comparator can also perform other voltage 
monitoring operations such as power failure detection. 


Another 
use of the low battery detector is to lower 
the oscillator frequency when the input voltage goes 
below a specified level. Lowering the oscillator fre- 
quency increases the available output power, com- 
pensating for the decrease in available power caused 
by reduced input voltage (See Figure 5). 


Logic Level Shutdown 
Input 


The shutdown 
mode is entered whenever Ie (pin 6) 
is driven 
below 
O.2V or 
left floating. 
When shut 
down, the MAX630's analog circuitry, 
oscillator, Lx 
and 
LBO 
outputs 
are turned 
off. 
The 
device's 
quiescent current during shutdown is typically 10nA 
(1,.LA max). 


Bootstrapped 
Operation 


In most circuits, the preferred source of +Vsvoltage 
for the MAX630 and MAX4193 is the boosted output 
voltage. This is often referred to as a "bootstrapped" 
operation 
since the circuit 
figuratively 
"lifts" 
itself 
up. 


The ON resistance of the N-channel Lx output de- 
creases with an increase in +Vs, however, the device 
operating 
current 
goes up with 
+Vs (see typical 
operating graph, Is vs. +Vs). In circuits with very low 
output current and input voltages greater than 3V it 
may be more efficient to connect +Vs directly to the 
input voltage rather than bootstrap. 
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_______ 
External Components 


Resistors 


Since the 
LBR and VFB input 
bias currents 
are 
specified 
as 10nA maximum, 
the 
current 
in the 
dividers R1!R2 and R3/R4 (figure 1) may be as low 
as 1J1.A without 
significantly 
affecting 
accuracy. 


Normally R2 and R4 are between 10k ohms and 1M 
ohm, which sets the current in the voltage dividers in 
the 1.3J1.A to 130J1.A range. R1 and R3 can then be 
calculated as follows: 
VOUT- 1.31V 
R1 = R2 x 
----- 
1.31V 


VLB - 1.31V 
10kfl ~ R4 ~ 1Mfl 
R3 = R4 x 
---- 
1.31V 
Where VOUTis the desired output voltage and VLBis 
the desired low battery warning threshold. 


If the Ie (shutdown) 
input is pulled up through 
a 
resistor rather than connected 
directly to +Vs, the 
current 
through 
the pullup 
resistor 
should 
be a 
minimum of 4J1.A with Ie at the input-high 
threshold 
of 1.3V: 


CMOS Micropower 
Step-Up Switching Regulator 


Inductor 
Value 


The available output current from a DC-DC voltage 
boost converter 
is a function 
of the input voltage, 
external inductor value, output voltage and the oper- 
ating frequency. 


The inductor must 1) have the correct inductance, 2) 
be able to handle the required peak currents, and 3) 
have acceptable series resistance and core losses. If 
the inductance 
is too high, the MAX630 will not be 
able to deliver the desired output power, even with 
the Lx output 
on for every oscillator 
cycle. The 
available output 
power can be increased by either 
decreasing 
the inductance 
or the frequency. 
Re- 
ducing the frequency increases the on-period of the 
Lx output, thereby increasing the peak inductor cur- 
rent. The available output power is increased since it 
is proportional 
to the square of the peak inductor 
current (Ipk). 


(V1NTON)2f 
LMAX 
2 POUT 


. 
L1pk2 
f 
since: POUT= -- 
2 


V1NTON 
and: Ipk = --L- 


Where POUT includes 
the power dissipated 
in the 
catch diode (01) as well as that in the load. If the 
inductance is too low, the current at Lx may exceed 
the maximum rating. The minimum allowed inductor 
value is expressed by: 


V1NTON 
LMIN=~ 


Where IMAX= 525mA (peak Lx current) and TON is 
the on-time of the Lx output. 
The most common MAX630 circuit is a boost mode 
converter 
(Figure 
1). When the N-channel 
output 
device is on, the current linearly rises since: 


At the end of the on-time (141'sfor 40kHz, 55% duty 
cycle oscillator) the current is: 


V TON 
5V X 141's 
Ipk = -L- 
470l'H 
= 150mA. 


The energy in the coil is: 


L I k2 
E = ---T = 5.251'J 


At maximum load this cycle is repeated 40,000 times 
per second, and the power tranferred 
through 
the 
coil 
is 40,000x5.25 = 210mW. Since the coil only 
supplies the voltage above the input voltage, at 15V, 
the 
DC-DC 
converter 
can 
supply 
210mW/ 


(15V-5V) = 21mA. The coil provides 210mW and the 
battery directly supplies another 105mW, for a total 
of 315mW of output 
power. If the load draws less 
than 21mA, the MAX630 turns on its output 
only 
often 
enough 
to 
keep 
the 
output 
voltage 
at a 
constant 15V. 


Reducing the inductor value increases the available 
output current: lower L increases the peak current, 
thereby increasing the available power. The external 
inductor required by the MAX630 is readily obtained 
from a variety of suppliers. (See Table 1). Standard 
coils are suitable for most applications. 
~pes of Inductors 


Molded 
Inductors 


These 
are cylindrically 
wound 
coils 
which 
look 
similar to 1 watt resistors. They have the advantages 
of low cost and ease of handling, but have higher 
resistance, higher losses, and lower power handling 
capability than other types. 


Potted 
ToroIdal 
Inductors 


A typical 
1mH, 0.82 ohm potted toroidal 
inductor 
(Dale TE-3Q4TA) 
is 0.685" in diameter 
by 0.385" 


high and mounts directly onto a printed circuit board 
by its leads. Such devices offer high efficiency 
and 
mounting ease, but at a somewhat higher cost than 
molded inductors. 


Ferrite 
Cores 
(Pot Cores) 


Pot cores are very popular as switch-mode inductors 
since 
they 
offer 
high 
performance 
and 
ease of 
design. The coils are generally wound on a plastic 
bobbin, which is then placed between two pot core 
sections. 
A simple clip to hold the core sections 
together completes the inductor. Smaller pot cores 
mount directly 
onto printed 
circuit 
boards via the 
bobbin terminals. 
Cores come in a wide variety of 
sizes, often with the center posts ground down to 
provide 
an air gap. The gap 
prevents saturation 
while accurately 
defining 
the inductance 
per turn 
squared. 


Pot cores are suitable for all DC-DC converters, but 
are usually used in the higher power applications. 
They are also useful for experimentation 
since it is 
easy to wind coils onto the plastic bobbins. 


Toroidal 
Cores 


In volume production 
the toroidal 
core offers high 
performance, 
low size and weight, 
and low cost. 


They are, however, slightly 
more difficult 
for proto- 


typing, in that manually winding turns onto a toroid 
is more tedious than on the plastic bobbins 
used 


with pot cores. Toroids are more efficient 
for a given 
size since the flux is more evenly distributed 
than in 
a pot 
core, 
where 
the 
effective 
core 
area 
differs 
between the post, side, top and bottom. 


Since 
it is difficult 
to gap 
a toroid, 
manufacturers 
produce 
toroids 
using 
a mixture 
of ferromagnetic 
powder 
(typically 
iron or Mo-Permalloy 
powder) 
and 
a binder. 
The permeability 
is controlled 
by varying 
the amount 
of binder, 
which 
changes 
the effective 
gap between the ferromagnetic 
particles. Me-Permalloy 
powder (MPP) cores have lower losses and are recom- 
mended for the highest efficiency, 
while iron powder 
cores are lower cost. 


MANUFACTURER 
TYPICAL 
DESCRIPTION 
PART# 
MOLDEDINDUCTORS 
Dale 
IHA-104 
500I'H,0.5ohms 
Nytronics 
WEE-470 
470I'H,10ohms 
TRW 
LL-500 
500I'H,0.75ohms 
POTTEDTOROIDALINDUCTORS 
Dale 
TE-304TA 
1mH,0.82ohms 


TRW 
MH-1 
600I'H,1.9ohms 


TorotelProd. 
PT53-18 
500I'H,5 ohms, 


FERRITECORESAND TOROIDS 


Allen Bradley 
T0451S100A 
Tor.Core, 
500nH/T2 


Siemens 
B6429Q-K38-X38 Tor.Core,41'HIT2 


Magnetics 
555130 
Tor.Core, 
53nH/T2 


Stackpole 
57-3215 
PotCore, 
14mmx 8mm 


Magnetics 
G-41408-25 
PotCore, 
14x 8, 250nH/T2 


Note: This list does not constitute an endorsementby Maxim 
IntegratedProductsand is not intendedto be a comprehensive 
list of all manufacturersof thesecomponents. 


Diodes 


In most 
MAX630 
circuits, 
the 
inductor 
current 
re- 
turns 
to zero before Lx turns 
on for the next output 
pulse. 
This 
allows 
the use of slow 
turn-off 
diodes. 


On the other 
hand, the diode 
current 
abrubtly 
goes 
from zero to full peak current 
each time Lx switches 
off 
(figure 
1, D1). To avoid 
excessive 
losses, 
the 
diode must therefore 
have a fast turn-on 
time. 


For low power 
circuits 
with 
peak currents 
less than 
100mA, signal diodes such as 1N4148s perform 
well. 
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For 
higher 
current 
circuits, 
or for 
maximum 
effi- 
ciency 
at low power, the 1N5817 series of Schottky 
diodes 
are 
recommended. 
Although 
1N4001s 
and 
other 
general 
purpose 
rectifiers 
are rated 
for 
high 
currents, 
they are unacceptable 
because 
their 
slow 
turn-on 
time results in excessive losses. 


Filter 
Capacitor 


The output 
voltage 
ripple has two components, 
with 
approximately 
90° phase difference 
between 
them. 


One 
component 
is created 
by the 
change 
in the 
capacitor's 
stored 
charge 
with 
each 
output 
pulse. 


The 
other 
ripple 
component 
is the 
product 
of the 
capacitor's 
charge/discharge 
current 
and 
its 
ESR 
(effective 
series resistance). 
With low cost aluminum 
electrolytic 
capacitors, 
the ESR produced 
ripple 
is 
generally 
larger 
than that caused 
by the change 
in 
charge. 


VIN 
VESR= Ipk x ESR = (2U) 
x ESR (Volts p-p) 


Where 
VIN is the coil 
input 
voltage, 
L is its induct- 
ance, f is the oscillator 
frequency, 
and 
ESR is the 
equivalent 
series resistance 
of the filter capacitor. 


The 
output 
ripple 
resulting 
from 
the 
change 
in 
charge on the filter capacitor 
is: 


VdO=§ where, Q = tDIS X Ip;ak 


VIN 
and, Ipeak = tCHG x L 


V 
_ VIN(tCHGHtDIS) 
dO - 
2LC 


Where tCHG and tDIS are the charge 
and discharge 
times for the inductor 
(1/2f can be used for nominal 
calculations). 


Oscillator 
Capacitor, 
Cx 


The oscillator 
capacitor, 
Cx, is a non-critical 
ceramic 
or silver 
mica capacitor. 
Cx can also be calculated 
by: 


214 x 10-6 


Cx = 
. 
- CINT (CINT '" 5pF, see text) 


f 


Where f is the desired 
operating 
frequency 
in Hertz, 


and CINT is the sum of the stray capacitance 
on the 
Cx pin and the internal 
capacitance 
of the package. 


The internal 
capacitance 
is typicaly 
1pF for the plas- 
tic package and 3pF for the CERDIP package. Typical 
stray capacitances 
are about 3pF for normal 
printed 
circuit 
board 
layouts, 
but will be significantly 
higher 
if a socket is used. 
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Bypassing 
and Compensation 


Since the inductor charging current can be relatively 
large, high currents 
can flow through 
the ground 
connection of the MAX630/4193. To prevent unwanted 
feedback, the impedance of the ground path must 
be as low as possible, and supply bypassing should 
be used for the device. 


When large values (>50kO) are used for the voltage 
setting resistors, R1 and R2 of Figure 1,stray capaci- 
tance at the VFBinput can add a lag to the feedback 
response, destabilizing 
the regulator, increasing low 
frequency 
ripple, and lowering 
efficiency. This can 
often be avoided by minimizing the stray capacitance 
at the VFBnode. It can also be remedied by adding a 
lead compensation 
capacitor 
of 100pF to 10nF in 
parallel with R1 in Figure 1. 


__ 
DC-DC Converter Configurations 


DC-DC converters come in three basic topologies: 
buck, boost, and buck-boost 
(figure 2). The MAX630 
is usually 
operated 
in the positive 
voltage 
boost 
circuit, where the output voltage is greater than the 
input. 


The boost circuit is used where the input voltage is 
always less than the desired output 
and the buck 
circuit 
is used where the input is greater than the 
output. 
The buck-boost 
circuit 
inverts, and can be 
used with input voltages which are either greater or 
less than the output. 


DC-DC 
converters 
can also be classified 
by the 
control 
method. The two most common 
are pulse 
width modulation (PWM) and pulse frequency modu- 
lation (PFM). PWM switch-mode 
power supply ICs 
(of which current 
mode control 
is one variant) are 
well 
established 
in high 
power 
off-line 
switchers. 
Both 
PWM and 
PFM circuits 
control 
the output 
voltage by varying duty cycle. In the PWM circuit the 
frequency 
is held constant 
and the width 
of each 
pulse is varied. In the PFM circuit, the pulse width is 
held 
constant 
and 
duty 
cycle 
is controlled 
by 
changing the pulse repetition rate. 


The MAX630 refines the basic PFM by employing 
a 
constant frequency oscillator. Its output MOSFET is 
switched 
on when the oscillator 
is high 
and the 
output 
voltage is lower than desired. If the output 
voltage is higher than desired, the MOSFET output 
is disabled 
for 
that 
oscillator 
cycle. 
This 
"pulse 
skipping" 
varies the average duty cycle, and thereby 
controls the output voltage. 


Note that, unlike the PWM ICs which use an op-amp 
as the control element, the MAX630 uses a compara- 
tor to compare 
the output 
voltage to an onboard 
reference. 
This 
reduces 
the 
number 
of 
external 
components, and operating current. 


~--T~ 


_______ 
~pical Applications 


+5V 
to +15V DC-DC 
Converter 


Figure 
1 shows a simple circuit 
which 
generates 
+15V at approximately 
20mA from a +5V input. The 
MAX630 has a ±1.5% reference accuracy, so the 
output voltage has an untrimmed accuracy of ±3.5% 
if R1 and R2 are 1% resistors. Other output voltages 
can also 
be selected 
by changing 
the feedback 
resistors. Capacitor Cx sets the oscillator frequency 
(47pF=40kHz). while C1 limits output ripple to about 
50mV. 


With a low cost molded inductor, the circuit's 
effi- 
ciency 
is about 
75%, but an inductor 
with 
lower 
series resistance 
such 
as the 
Dale TE3Q4TA 
in- 
creases efficiency 
to around 
85%. A key to high 
efficiency 
is that the MAX630 itself is powered from 
the +15Voutput. This provides the onboard N-channel 
output device with 15V gate drive, lowering 
its ON 
resistance to about 4 ohms. When +5V power is first 
applied, current flows through L1 and 01, supplying 
the MAX630 with 4.4V for startup. 


+SV to ± 1SV DC-DC 
Converter 


The circuit 
in Figure 3 is similar to that of Figure 1 
except that two more windings 
are added to the 
inductor. The 1408 (14mm x 8mm) pot core specified 
is 
an 
IEC 
standard 
size 
available 
from 
many 
manufacturers 
(see Table 1). The -15V output 
is 
semi-regulated, typically varying from -13.6Vto -14.4V 
as the +15V load current 
changes 
from 
no load 
to 20mA. 
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2M. Watt 3V to SV DC-DC Converter 


Some systems, although battery powered, need high 
currents for short periods, and then shutdown to a 
low power state. The extra circuitry 
of Figure 4 is 
designed to meet these high current needs. Operat- 
ing in the buck-boost 
or flyback 
mode, the circuit 
converts -3V to +5V. The left side of the figure 
is 
similar to Figure 1, and supplies 
15V for the gate 
drive of the external power MOSFET. This 15V gate 
drive ensures that the external device is completely 
turned on and has low ON resistance. 


The right side of Figure 4 is a -3V to +5V buck-boost 
converter. This circuit has the advantage that when 
the MAX630 is turned off the output voltage falls to 
OV, unlike 
the 
standard 
boost 
circuit 
where 
the 
output voltage is VBATrO.6V when the converter is 
shutdown. 
When shutdown, 
this circuit 
uses less 
than 
10uA, with 
most 
of 
the 
current 
being 
the 
leakage current of the power MOSFET. 


The inductor and output filter capacitor values have 
been selected to accomodate 
the increased power 
levels. With the values indicated, 
this circuit 
can 
supply up to 500mA at 5V, with an efficiency of 85%. 
Since the left side of the circuit powers only the right 
hand MAX630, the circuit will start up with battery 
voltages as low as 1.5V, independent of the loading 
on the +5V output. 
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+3V Battery 
to +sv 
DC-DC Converter 


A common power supply requirement involves con- 
version of a 2.4 or 3V battery voltage to a 5V logic 
supply. The circuit 
in figure 5 converts 3V to 5V at 


40mA with 85% efficiency. When Ie (pin 6) is driven 
low, the output 
voltage will be the battery voltage 


minus the drop across diode Dt 


The optional circuitry 
using C1, R3, and R4 lowers 


the oscillator 
frequency 
when the battery voltage 


falls to 2.0V. This 
lower frequency 
maintains the 


output power capability of the circuit by increasing 
the 
peak inductor 
current, 
compensating 
for the 


reduced battery voltage. 


'5V OUT 


411lpF15V 
3V -=-J 


L8R 


.MAXI.M 
Ie 


R, 
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Uninterrupteble 
+SV 
Supply 


In 
Figure 
6 the 
MAX630 provides 
a continuous 


supply of regulated +5V, with automatic switch-over 
between line power and battery backup. When the 
line powered input voltage is at +5V,it provides 4.4V 
to the MAX630 and trickle charges the battery. If the 
line powered input falls below the battery voltage, 
the 3.6V battery 
supplies 
power 
to the 
MAX630, 
which 
boosts the battery voltage 
up to +5V, thus 


maintaining 
a continuous 
supply 
to the 
uninter- 
ruptable +5V bus. Since the +5V output 
is always 


supplied through 
the MAX630, there are no power 


spikes or glitches during power transfer. 


The MAX630's low battery detector monitors the line 
powered +5V, and the LBO output 
can be used to 


shut 
down 
unnecessary 
sections 
of 
the 
system 


during power failures. Alternatively, the low battery 
detector 
could 
monitor 
the Nicad battery voltage 


and provide warning of power loss when the battery 
is nearly discharged. 


LBR 
Ie 
.MAXI.M 


MAX630 


Unlike battery backup systems that use 9V batteries, 
this circuit does not need +12 or +15V to recharge 
the battery. Consequently, it can be used to provide 
+5V backup on modules or circuit cards which only 
have 5V available. 


9V Battery 
Life Extender 


Figure 7's circuit 
provides a minimum 
of 7V until 


the 9V battery voltage falls to less than 2V. When 
the battery voltage is above 7V the MAX630's Ie pin 
is low, putting 
it into the shutdown 
mode which 


draws only 10nA. When the battery voltage falls to 
7V, the MAX8212 Voltage 
Detector's 
output 
goes 


high, enabling the MAX630. The MAX630 then main- 
tains the output voltage at 7V even as the battery 
voltage 
falls 
below 7V. The low battery 
detector 
(LBO) is used to decrease the oscillator frequency 
when the battery voltage falls to 3V,fhereby increas- 
ing the output current capability of the circuit. 


Note that this circuit (with or without the MAX8212) 
can be used to provide 5V from 4 alkaline cells. The 
initial voltage is approximately 6V, and the output is 
maintained at 5V even when the battery voltage falls 
to less than 2V. 
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Dual J;acking 
Regulator 


A MAX634 
Inverting 
Regulator 
is combined 
with 
a MAX630 in Figure 
8 to provide 
a dual tracking 


±15V output from a 9V battery. The reference for the 
-15V output is derived from the positive output via R3 


and R4. Both regulators are set to maximize output 
power at low battery voltage by reducing the oscillator 
frequency, via LBR, when VSATI 
falls to 7.2V. 
l1li 


Lx 
VFB 
VIIEf 
+Vs 
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Table 2. Maxim DC-DC 
Converters 


DEVICE 
DESCRIPTION 
INPUT VOLTAGE 
OUTPUT VOLTAGE 
COMMENTS 


ICL7660 
Charge Pump Voltage Inverter 
1.5Vto 10V 
-V'N 
Not regulated 


MAX4193 
DC-DC Boost Converter 
2.4V to 16.5V 
VOUT> 
V1N 
RC4193 2nd source 


MAX630 
DC-DC Boost Converter 
2.0V to 16.5V 
VOUT> 
V1N 
Improved RC4191 2nd source 


MAX631 
DC-DC Boost Converter 
1.5V to 5.6V 
+5V 
Only 2 external components 


MAX632 
DC-DC Boost Converter 
1.5V to 12.6V 
+12V 
Only 2 external components 


MAX633 
DC-DC Boost Converter 
1.5V to 15.6V 
+15V 
Only 2 external components 


MAX4391 
DC-DC Voltage Inverter 
4V to 16.5V 
up to -20V 
RC4391 2nd source 


MAX634 
DC-DC Voltage Inverter 
2.3V to 16.5V 
up to -20V 
Improved RC4391 2nd source 


MAX635 
DC-DC Voltage Inverter 
2.3V to 16.5V 
-5V 
Only 3 external components 


MAX636 
DC-DC Voltage Inverter 
2.3V to 16.5V 
-12V 
Only 3 external components 


MAX637 
DC-DC Voltage Inverter 
2.3V to 16.5V 
-15V 
Only 3 external components 


MAX638 
DC-DC Voltage Stepdown 
3V to 16.5V 
Vour< 
V1N 
Only 3 external components 


MAX641 
High Power Boost Converter 
1.5V to 5.6V 
+5V 
Drives external MOSFET 


MAX642 
High Power Boost Converter 
1.5V to 12.6V 
+12V 
Drives external MOSFET 


MAX643 
High Power Boost Converter 
1.5V to 15.6V 
+15V 
Drives external MOSFET 
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_______ 
General Description 


The MAX631, MAX632, and MAX633 are +5V, + 12V, and 
+ 15V fixed output, step-up 
DC-DC converters 
for use in 
low-power, 
high-efficiency 
switching 
regulator 
applica- 


tions. 
The only external 
components 
required 
are an 


output filter capacitor 
and a low-cost inductor. 
Included 
on-chip 
are low battery detection 
circuitry 
and a charge 
pump output for generating 
a negative voltage 
in dual- 


supply applications. 


Though most simply used as fixed output regulators, the 
MAX631/632/633 
can also be set for other output volt- 


ages by adding 
an external voltage divider. 


Maxim manufactures 
a broad line of step-up, step-down, 
and inverting 
DC-DC converters, 
with features such as 
logic-level 
shutdown, 
adjustable 
oscillator 
frequency, 


and external MOSFET drive. 


__________ 
Applications 


Minimum Component, 
High-Efficiency 
DC-DC Converters 


Portable Instruments 


Rechargeable 
and Primary Battery 
Power Conversion 


Uninterruptable 
On-Board 
Power Supplies 


Card Level Multiple Power Conversion 


Features 


• 
Fixed +5V, +12V, +15V Output Voltages 


• 
Adjustable 
Output with 2 Resistors 


• 
80% Typ Efficiency 


• 
Only 2 External Components 


• 
Charge Pump for Negative Output 


• 
13511ATyp Operating Current 
______ 
Ordering Information 


PART* 
TEMP. RANGE 
PIN-PACKAGE 


MAX631XCPA 
O'C to+70'C 
8 Plastic DIP 


MAX631 XCSA 
O'C to +70'C 
8 Narrow SO 


MAX631XC/D 
O'C to +70'C 
Dice 


MAX631XEPA 
-40'C to +8S'C 
8 Plastic DIP 


MAX631XESA 
-40'C to +8S'C 
8 Narrow SO 


MAX631XEJA 
-40'C to +8S'C 
8 CERDIP 


MAX631XMJA 
-SS'C to + 12S'C 
8 CERDIP 


MAX632XCPA 
O'C to +70'C 
8 Plastic DIP 


MAX632XCSA 
O'C to +70'C 
8 Narrow SO 


MAX632XC/D 
O'C to +70'C 
Dice 


MAX632XEPA 
-40'C to +8S'C 
8 Plastic DIP 


MAX632XESA 
-40'C to +8S'C 
8 Narrow SO 


MAX632XEJA 
-40'C to +8S'C 
8 CERDIP 


MAX632XMJA 
-SS'C to + 12S'C 
8CERDIP 


2V 10 5V 
:::::::1 


N./IXl/", 
is a registered 
trademark 
of Maxim Integrated 
Products. 


Dual Mode is a trademark 
of Maxim Integrated 
Products. 
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ABSOLUTE MAXIMUM RATINGS 
Supply Voltage, VOUT 
.. 


Output Voltage, 
LX and LBO 
Input Voltage, 
LBI and VFB 


LX Output Current 
LBO Output Current 
. 


Power Dissipation 


Plastic DIP (derate 8.33mWrC above +50·C) 
SO (derate 6mWrC above +50·C) 
. 
CERDIP (derate 8mWrC above +50·C) 
. 


O·C to +70·C 
-40·C to +85·C 


-55·C to + 125·C 
-65·C to + 160·C 
+300·C 


Operating 
Temperature 
Range 
MAX63_XC 
MAX63_XE 
. 
MAX63_XM 
Storage Temperature 
Lead Temperature 
(Soldering, 
10 sec.) 


+18V 
+18V 


-0.3V to (VOUT + 0.3V) 
450mAPeak 
50mA 


625mW 
450mW 
800mW 


Stresses 
beyond 
those listed under 
-Absolute 
Maximum 
Ratings· 
may cause 
permanent 
damage 
to the device. 
These are stress ratings 
only, and functional 
operation 
of the device 
at these 
or any other conditions 
beyond 
those indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL CHARACTERISTICS 
(TA; 
+25·C, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Voltage at VOUT 


Operating 
Voltage Range 
Over Temperature 
(C, E) 
20 
16.5 
V 
Over Temperature 
(M) 
2.4 
16.5 


Voltage at VOUT 


Start-up Voltage 
TA; 
+25·C 
15 
1.3 
V 
Over Temperature 
(C, E) 
1.8 
Over Temperature 
(M) 
2.0 


LX off, Over Temperature 


Supply Current 
IS 
VOUh 
+5V, MAX631 
0.135 
0.4 
mA 
VOUT; 
+12V, MAX632 
0.5 
2.0 
VOUT; 
+15V, MAX633 
0.75 
2.5 


Reference Voltage (Internal) 
TA; 
+25·C 
1.24 
1.31 
1.38 
V 
Over Temperature 
1.20 
1.42 


No Load, VFB ; GND 
Over Temperature 
MAX631A} 
4.75 
5.0 
5.25 
MAX632A 
5% Output Accuracy 
11.4 
12.0 
12.6 


VOUTVoltage 
MAX633A 
14.25 
15.0 
15.75 
V 


MAX631B 
} 
4.5 
5.0 
5.5 


MAX632B 
10% Output Accuracy 
10.8 
12.0 
132 
MAX633B 
13.5 
15.0 
16.5 


Efficiency 
80 
% 


Line Regulation 
(Note 1) 
+0.5VOUT <+Vs<VOUT 
0.08 
%VOUT 


Load Regulation 
(Note 1) 
Vs ; +0.5VOUT, 
0.2 
%VOUT 
POUT; 
OmW to 150mW 


VOUT; 
+5V 


MAX631A 
40 
45 
50 
MAX631B 
35 
45 
60 
VOUT; 
+12V 
Oscillator Frequency 
fa 
MAX632A 
455 
50 
56 
kHz 
MAX632B 
40 
50 
65 
VOUT; 
+15V 
MAX633A 
45.5 
50 
56 
MAX633B 
40 
50 
65 


Oscillator 
Frequency 
Tempco 
-60 
HzrC 


MAX631 , VOUT; 
+5V 
40 
50 
60 
Oscillator 
Duty Cycle 
MAX632, VOUT; 
+12V 
40 
50 
60 
% 


MAX633, VOUT ; + 15V 
40 
50 
60 


LX On Resistance 
RON 
Ix ; 
100mA, VOUT ; 
+5V 
6 
12 
n 
VOUT; 
+15V 
35 
7 
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ELECTRICAL 
CHARACTERISTICS 
(continued) 


(TA = +25"C, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


V4 = +16.5V 


LX Leakage 
Current 
IXl 
TA = +25"C 
0.01 
1.0 
~A 
Over Temperature 
(C, E) 
30 
Over Temperature 
(M) 
100 


Diode Forward Voltage 
VF 
IF = 100mA 
1.0 
V 


CP On Resistance 
VOUT = +5V, lOUT = ±10mA 
70 
140 
0 
VOUT = +15V, lOUT = ±30mA 
30 


VFB Input Bias Current 
IFB 
0.Q1 
10 
nA 


Low Battery Input Threshold 
VlBI 
1.31 
V 


Low Battery Input Bias Current 
IlBI 
0.Q1 
10 
nA 


V2 = +0.4V, Vl = +l.lV 
Low Battery Output Current 
IlBO 
TA = +25"C 
10 
mA 
Over Temperature 
0.5 


Low Battery Output 
IlBOl 
V2=+16.5V,Vl 
=+14V 
0.01 
3.0 
~A 
Leakage Current 


Note 1: Guaranteed 
by correlation 
with DC pulse measurements. 


_________ 
Pin Description 


PIN 
NAME 
FUNCTION 


1 
LBI 
Low Battery Detector 
Input. 
When the 
voltage at LBI is lower than the Low 
Battery Detector threshold 
(1 .31V), 


LBO sinks current. 


2 
LBO 
The Low Battery Detector Output is an 
open drain N-channel 
MOSFET which 
sinks current when LBI is below 1.31V. 


3 
GND 
Ground 


4 
LX 
This pin drives the external inductor 
with an internal N-channel 
power 
MOSFET. 
LX has an output resistance 
of typically 
60 and a peak current rat- 
ing of 425mA. 


5 
VOUT 
The regulated DC-DC converter output. 


6 
CP 
The Charge Pump output is a low im- 
pedance 
buffer which swings from 
GND to VOUT at the oscillator fre- 
quency. 
2 external capacitors and di- 


odes can be connected 
to generate a 


negative output voltage (Figure 3). 


7 
VFB 
When VFB is grounded, the DC-DC con- 
verter output will be the factory preset 
value. When an external voltage dwider 
is connected from VOUT to VFB and 
GND, this pin becomes the feedback 
input for adjustable output operation. 


8 
COMP 
The Compensation 
input is connected 
to the internal voltage divider which 
sets the fixed voltage output. 
In some 
circuit board layouts, a lead compen- 
sation capacitor 
(100pF to 1OnF) con- 
nected between VOUT and COMP 
reduces 
low-frequency 
ripple and im- 
proves transient response. 


______ 
Typical Applications 


Basic Step-Up Circuits 


Figure 1 shows the basic boost or step-up circuit for the 
MAX631/632/633. 
The circuit 
corresponds 
to Table 
1 
which shows values for typical input voltages and output 
__ 


currents. 
..- 


Table 1. Inductor 
Selection 
for Common 


Designs 


VIN 
VOUT 
lOUT 
EFF. 
INDUCTOR 
(V) 
(V) 
(mA) 
(%) 
P.N. (Note 2) 
~H 
0 


2 
5 
5 
78 
CB6860-21 
470 
04 


2 
5 
10 
74 
G lB253 
250 
044 


2 
5 
15 
61 
G lBl03 
100 
0.25 


3 
5 
25 
82 
CB6860-21 
470 
04 


3 
5 
40 
75 
CB 7070-29 
220 
055 


3 
12 
5 
79 
CB6860-19 
330 
0.35 


3 
12 
10 
79 
CB 7070-28 
180 
048 


5 
12 
12 
88 
CB 6860-21 
470 
04 


5 
12 
25 
87 
CB6860-19 
330 
0.35 


3 
15 
5 
73 
CB 7070-29 
220 
0.55 


3 
15 
8 
71 
CB 7070-27 
150 
043 


5 
15 
10 
85 
CB6860-21 
470 
04 


5 
15 
15 
85 
CB6860-19 
330 
035 


8 
15 
35 
90 
G lB503 
500 
0.56 


Note 2: 
CB = Cadell-Burns, 
NY, (516) 746-2310 
G = Gowanda 
Electronics 
Corp., NY, (716) 532-2234 
Other Manufacturers 
listed in Table 2. 
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Typical Operating Characteristics 
---------------------- 
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Detailed Description 


The operation of the MAX631/632/633 can best be under- 
stood by examining the regulating loop of Figure 1. When 
the output voltage drops below the preset (or externally set) 
value, the Error Comparator 
switches high and connects 
the internal 45kHz Oscillator to the gate of the LX output 
driver, N1. N1 is an N-channel MOSFET with a typical on 
resistance 
of 6n 
and a current rating of 150mA. 
The 
following equation provides a good rule of thumb to see if 
the MAX631/632/633 
can provide the desired output cur- 
rent without exceeding the current rating of N1: 


8 (VOUT - VIN) lOUT 


V 
::;450mA 
IN 


A low output voltage turns N1 on and off at the internal 
clock frequency. 
During each on half-cycle, 
the current 


through the inductor 
rises linearly, storing energy in the 
coil. 
During each off half-cycle, 
the coil's magnetic 
field 
collapses and voltage across the inductor reverses sign. 
The voltage 
at LX then rises until the internal 
diode 
is 
forward based, delivering power to the output. 
When the 
output voltage reaches the desired level, the Error Com- 
parator inhibits N1 until the load discharges 
the output 
filter capacitor 
(C1) to less than the desired output level. 


VIM, Bootstrapped Operation 


The MAX631/632/633 
does not have a VIN pin. 
Input 
power to start the DC-DC converter 
is supplied 
via the 
external inductor to the VOUT pin. 
Once the converter 
has started, it is then powered from its own output. 
This 
"bootstrap" design ensures that the output MOSFET, N1, 
will have maximum 
gate drive and, hence, 
a minimum 


RON· It also allows the converter 
to start at lower input 
voltages. 


VIM, Greater Than VOUT 


If the regulator's 
input voltage is more than one forward 


diode drop greater than the desired 
output voltage, 
N1 
will not turn on. 
Current will still be supplied 
to the load 
directly through the inductor and the internal diode, but 
without regulation. 
As long as the input is more than O.6V 
above the desired 
output, the actual output voltage will 
be equal to the input voltage minus O.6V. 


Fixed or Adjustable Output 


For operation 
at one of the preset output voltages 
(+5V 
for the MAX631, +12V for the MAX632, and +15V for the 
MAX633), 
VFB is connected 
to GND, and no external 
resistors are required. 
For an output voltage other than 
the preset value, an external voltage divider (R3 and R4, 
Figure 2) is required. 
VOUT is set as follows: 
4-60 
..I11'1..IJ X 1..111'1 


--, 


, CCOMP 
: 100pF 
, 
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Let R4 be any resistance in the 10kQ to 10MO 
range, typically 
100kO, then: 


R3 = R4 (VOUT -1) 
1.31V 


Table 1 shows nominal inductor parameters 
for a variety 


of input and output voltages. 
Values are given for both 
maximum 
output 
and 
maximum 
efficiency 
designs. 


When noise is not critical, a low-cost bobbin inductor will 
suffice. 
For higher power circuits or when low EMI and 
noise are required;pot 
cores and toroids should be used. 
(See Tables 1 and 2 for typical part numbers and manu- 
facturers.) 


Table 2, Coil and Core Manufacturers 
(Note 3) 


MANUFACTURER 
TYPICAL 
DESCRIPTION 
PART # 


BOBBIN INDUCTORS 


Dale 
IHA-104 
500jlH,O.5Q 


Caddell-Burns 
7070-29 
220jlH, O.55Q 


Gowanda 
1B253 
250jlH,OA4Q 


TRW 
LL-500 
500jlH,O.75Q 


POTTED TOROIDAL 
INDUCTORS 


Dale 
TE-3Q4TA 
1mH,O.82Q 


TRW 
MH-1 
600jlH,1.9Q 


Gowanda 
050AT1003 
100jlH,005Q 


FERRITE 
CORES AND TOROIDS 
(Note 4) 


Siemens 
B64290-K38-X38 
Tor. Core, 4jlHfT2 


Magnetics 
555.130 
Tor. C02e, 
53nHfT 


Stackpole 
57-3215 
Pot Core, 
14mmx8mm 


Magnetics 
G-41408-25 
Pot Core, 
14 x 8, 250nHfT2 


Note 3: This list does not constitute 
an endorsement 
by Maxim 
Integrated 
Products and is not intended to be a compre- 
hensive list of all manufacturers 
of these components. 


Note 4: 
Permag Corp. is a distributor 
for many of the listed core 
and toroid manufacturers. 
(516) 822-3311. 


Output Filter Capacitor 


The MAX631/632/633's 
output ripple has 2 components 
which 
are 90' out 
of 
phase. 
One component 
results 


from the change in the stored charge on the filter capac- 
itor with each LX pulse. 
The other is the product 
of the 
capacitor's 
charge-discharge 
current 
and its Equivalent 
Series Resistance 
(ESR). With low-cost aluminum elec- 


trolytic 
capacitors, 
the 
ESR produced 
ripple 
is often 


L (SEE 'INDUCTOR 
SELECTION') 


4 


LX 


,, 


R3 
CcOMP=:= 


~~p~~ 


..NlAXI __ 


MAX631 
MAX632 
MAX633 VFB 


LBI 
GNO 
COMP 
R4 


1 
3 
B 
VOUT 


R3=R41.31V-l 


VIN,;VOUT 


larger than that caused by the change 
in charge. 
Con- 
sequently, 
high-quality 
aluminum 
or tantalum 
filter ca- 
pacitors 
will 
minimize 
output 
ripple, 
even 
if smaller 
capacitance 
values are used. 
Best results at a reason- 
able 
cost 
are typically 
achieved 
with 
a high-quality 


aluminum 
electrolytic, 
in the 100jlF to 500jlF range, in 


parallel with a 0.1 jlF ceramic capacitor. 


Catch Diode 


The MAX631 series regulators contain an internal "catch" 
diode and, therefore, 
require no external diode for most 


applications. 
However, 
an external diode can be con- 


nected 
in parallel with the internal diode at the LX and 
VOUT pins. 
For example, 
a Schottky 
diode with a low 


forward voltage drop will provide 
some improvement 
in 


efficiency. 


Bypassing and Compensation 


Since the inductor 
charging 
current 
can be relatively 


large, high currents flow through the ground connection 
to the MAX631/632/633. 
To prevent unwanted feedback, 


the impedance 
of the ground 
path must be as low as 


possible, 
and power-supply 
bypassing 
should be used. 


When the value of the voltage setting resistors (R3 and 
R4, Figure 2) exceed 50kO, stray capacitance 
at the VFB 
input can add a "lag" to the feedback 
response, destabliz- 


ing the regulator, 
increasing 
low frequency 
ripple, 
and 
lowering efficiency. 
This problem 
can often be avoided 


by minimizing 
lead lengths and circuit board trace size 


at the VFB node. 
It can also be remedied 
by adding 
a 


"lead" compensation 
capacitor 
(1OOpFto 1OnF) in parallel 
with R3. 


The COMP input allows access 
to the internal voltage 


divider 
so that compensation 
can also be added 
when 


fixed output operation 
is used. 
A capacitor 
connected 
between 
VOUT and COMP again adds 
a "lead" to the 


regulator's 
response. 
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Low Battery Detector 


The Low Battery Detector 
compares 
the voltage on the 
Low Battery Input, LBI, with the internal1.31V 
bandgap 


reference. 
The Low Battery Detector Output, LBO, goes 
low whenever the input voltage at LBI is less than 1.31V. 
The Low Battery detection 
voltage is set by resistors, R1 


and R2 (Figure 1). 


Let R2 be any resistance in the 10kQ to 10MQ range, 
typically 
100kQ, then: 


VLB 
R1 = R2 (131V 
-1) 


(VLB is the desired Low Battery detection 
voltage) 


~ 
• 
lOI1F 


IN4148l' 
P 
T. 


Vep = -(your 
- 2VF)' 


Figure 3. 
Using the Charge Pump (CP) output as a voltage 
inverter and/or doubler. 
Both circuits 
can be used 


together. 


Negative Output Vo'tage 


The Charge Pump (CP) output is a low impedance 
buffer 
which 
swings 
from 
ground 
to VOUT at the oscillator 
frequency. 
Two external capacitors 
and diodes can be 
connected, 
as shown in Figure 3, to generate a negative 
output voltage of -(VOUT - 1.2V) or a positive output of 
2(VOUT - 1.2V). 
1.2V is the forward 
drop of 2 silicon 
diodes. 
Both circuits 
can be used at once 
if desired. 


With 1Ol!F capacitors, 
the output 
impedance 
of VCP is 
about 30Q. 
If space 
is critical, 
the capacitors 
can be 


reduced, 
but with a slight increase in output impedance 


and VCP output ripple. 


The circuit 
shown 
in Figure 4 provides 
approximately 


±10mAwith 
VOUT = +15V, and ±15mA ifVOUT = +12V. 


The magnitude 
of the negative 
output 
is about 3V less 


than VOUT due to the forward voltage drop of the 1N4148 
diodes and the output impedance 
of CPo Using Schottky 
diodes 
(IN5817) will increase the absolute 
value of the 
negative output by about 1V. The performance 
of the CP 
output is shown in Figure 5. 
____ 
What Value of Inductor? 


A Genera. Discussion 


The converters 
in this data sheet operate by charging 
an 


inductor from a DC input and then discharging 
the induc- 
tor to generate a DC output that is greater than the input. 


The proper inductor 
for any DC-DC converter 
depends 
on three 
things: 
the desired 
output 
power, 
the input 
voltage 
(or range of input voltage), 
and the converter's 
oscillator frequency 
and duty cycle. 
The oscillator timing 


is important because 
it determines 
how long the coil will 


be charged 
during each cycle. 
This, along with the input 


CHARGE PUMP NEGATIVE 


OUTPUTVOLTAGEvs. 


OUTPUT CURRENT 


-10 
~ 
;; 
-8 
'f 


-6 


-4 
',.VOUT :+5V 


-2 
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_ --IN5817 
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" 
-IN414l1 
SILICONDIODES 
o 
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voltage, 
determines 
how much energy will be stored in 


the coil. 


The inductor must meet four electrical 
criteria: 


[] 
Value- 
Low enough 
inductance 
so it stores ade- 


quate energy at the worst-case, 
low input voltage. 


High enough 
so excessive 
and potentially 
destructive 


currents 
are avoided 
under 
worst-case 
conditions 
for 


high power-switch transistor on time and high input voltage. 


[1 
Saturation- 
The coil must deliver the correct induc- 


tance value at the worst-case, 
high peak operating 
cur- 


rent. 


[] 
EMI- 
Electromagnetic 
interference 
must not upset 


nearby circuitry or the regulator IC. Ferrite bobbin types 
work well for digital circuits; toroid or pot core types work 
well for EMI-sensitive analog circuits. 


[] 
DC resistance- 
Winding 
resistance 
must be ade- 


quately low so efficiency 
is not affected and self-heating 


does not occur. 
Values less than 0.5f! are usually more 


than adequate. 


Other inductor parameters, 
such as core loss or self-res- 


onant frequency, 
are not a factor 
at the relatively 
low 


MAX631/632/633 
operating 
frequency. 


Inductor Value- Low Enough? 


The problem that bites designs most often, especially 
in 


the production 
or pre-production 
phase, happens when 


the inductor value is too high. 
These units fail to deliver 


enough 
load current 
and exhibit 
poor load regulation. 
The worst-case 
is: 


[] 
Maximum load current 


[] 
Minimum supply voltage 


[] 
Maximum inductor value, including 
tolerance 


[] 
Maximum on resistance 
of the switch because 


it reduces the excitation voltage across the inductor 


[] 
Worst-case 
low on time 


Inductor Value- High Enough? 


The inductor 
value must also be high enough 
so peak 


currents do not stress the transistor or cause the inductor 
core to saturate. 
All kinds of odd 
symptoms 
can be 


traced 
to excessive 
inductor 
currents: 
low efficiency, 
rattling heat sinks, whining 
coils, and increased 
output 


ripple. 
Very low inductor values may result in damaged 


power transistors. 


The slope of the inductor current, and therefore the peak 
value that it reaches in a given on time, is determined 
by 


the supply 
voltage 
and the inductor 
value. 
The worst 


case occurs at: 


[] 
Maximum supply voltage 


[] 
Minimum inductor value, including 
tolerance 


[] 
Minimum on resistance of the switch 


[1 
Low switching frequency 
(or maximum switch on- 


time) 


Inductor Selection 


The inductor equations below must be calculated 
for both 


worst-case 
sets of conditions. 
The final value chosen 
should 
be between 
the minimum 
value and maximum 


value calculated. 
Within these bounds, the value can be 


adjusted slightly lower for extra load capability 
or higher 


for lowest ripple. 


VOUT +VDIODE -VIN 
[1] 
Ipk = 
(0.25) (VIN -Vsw) 
(lOUT) 


[2] 
L = VIN -VSW 
(tON) 


Ipk 


Where VSW is the voltage drop across the switch in the 
on state. 
Conservatively, 
the worst case is about 0.75V 


max, 0.25V min with VIN = + 15V and 1.5V max, 0.5V min 
with VIN = +5V. 


Example: 
A +5V 10% input must be converted 
to +15V 
at 15mA 
A Schottky diode (1N5817) and a 


MAX633B are used. 


Calculate maximum inductor value allowed: 


15V + OAV - 4.5V 
Ipk = (0.25) (4.5V _ 0.75V) (15mA) = 174mA 


L=4.5-0.75(8 
)=172 
H 
174mA 
j.ls 
j.l 


Calculate the minimum inductor value allowed: 


Ipk = 450mA (from table of max ratings) 


L = 5.5V - 0.25V (12 
) = 140 H 
450mA 
j.ls 
j.l 


If this minimum value is greater than the maximum value 
calculated 
above, an external power MOSFET must be 


used. 
See the MAX641/642/643 
data sheet. 


A value 
of 
160j.lH would 
be a good 
choice 
for this 


application. 
The "A" grade devices, with tighter oscillator 


tolerance, 
allow more output current in a given applica- 


tion. 


Inductor Saturation 


When using off-the-shelf 
inductors, 
make sure the peak 


current 
rating is observed. 
When designing 
your own 
inductors, 
observe 
the 
core 
manufacturer's 
Ampere- 


turns or NI ratings. 
Failure to observe the peak current 
or NI ratings 
may 
lead to saturation 
of the 
inductor. 


Inductor saturation leads to very high current levels caus- 
ing excessive 
power 
dissipation, 
poor efficiency, 
and 


possible damage to the chip and the catch diode. 
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Test for saturation by applying the maximum load and the 
maximum 
input voltage 
while 
monitoring 
the inductor 
current with a current probe. The normal inductor current 
waveform 
is a sawtooth with a linear current ramp. 
Sat- 
uration creates a nonlinear current waveform with a very 
rapid increase in current once the inductor saturates. 
It 
is this rapid current increase and the resultant high peak 
currents 
that can damage 
the inductor 
and the catch 
diode. 


GNO 
GND 
LBO 
r 


0.070" 


(1.78mm)t 


I· 


VOUT 
CP 


0.096" 


(2.44mm) 


PART- 
TEMP. RANGE 
PIN·PACKAGE 


MAX633XCPA 
O'C to +70'C 
8 Plastic DIP 


MAX633XCSA 
O'Cto 
+70'C 
8 Narrow SO 


MAX633XC/D 
O'C to+70'C 
Dice 


MAX633XEPA 
-40'C to +85'C 
8 Plastic DIP 


MAX633XESA 
-40'C to +85'C 
8 Narrow SO 


MAX633XEJA 
-40'C to +85'C 
8 CERDIP 


MAX633XMJA 
-55'C to + 125'C 
8 CERDIP 


~~I~JXI~~I 
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_______ 
General Description 


Maxim's MAX634 and MAX4391 CMOS DC-DC 
regu- 
lators 
are designed 
for 
simple, 
efficient, 
inverting 
DC-DC converter 
circuits. The MAX634 and MAX4391 
switching 
regulators 
provide 
all control 
and power 
handling 
functions 
in a compact 
8 pin package: 
a 


1.25V bandgap 
reference, 
an oscillator, 
a comparator 


for output voltage regulation, 
and a 525mA P-channel 


output 
MOSFET. A second 
comparator 
is also pro- 
vided for convenient 
low battery detection. 


The operating 
current 
is typically 
100pA and is nearly 
independent 
of output switch current 
and duty cycle, 
thus 
ensuring 
high 
efficiency 
even 
in 
low 
power 
battery 
operated 
systems. Operating 
in the inverting 


configuration, 
the MAX634 and MAX4391 can convert 


a positive 
input voltage 
in the range of +3V to 16.5V 
to any negative output voltage up to -20V. 


These devices 
are pin compatible 
enhancements 
of 
the Raytheon 
bipolar 
circuit, 
RC4391. Improvements 
include 
significantly 
higher 
efficiency, 
extended 
low 


voltage 
operation 
and 
improved 
output 
voltage 


accuracy 
(MAX634). 


Maxim 
manufactures 
a broad line of DC-DC 
conver- 
ters, including 
the MAX635, 
MAX636, and MAX637; 


which 
reduce the external 
component 
count 
in fixed 
-5V, -12V, and -15V output 
DC-DC converter 
circuits. 


See Table 2 on the last page of this data sheet for a 
summary 
of other Maxim DC-DC converters. 


___________ 
Applications 


High Efficiency 
Battery Powered DC-DC 
Converters 


Board Level, Local Power Supply 
Generation 


Regulated 
Negative Output 
Power Supplies 


+5V to ±12V or ±15V Power Conversion 


Regulated 
Voltage Inverters 


_____________ 
Features 


• 
Converts 
Positive Voltage to Negative Voltage 


• 
Low Operating 
Current-100lJA 


• 
Compact 
8 Pin MiniDIP 
and SO Packages 


• 
High Efficiency-85% 
Typical 


• 
Low Battery Detector 


• 
4% Output 
Voltage Accuracy 
(MAX634) 


• 
+3V to +16.5V Input Voltage Range 


• 
Adjustable 
Output 
Voltage 
-Up 
to -20V with Simple Coil 
-Virtually 
Unlimited 
Voltage with 
Transformer 


PART 
TEMP. RANGE 
PACKAGE 


MAX634C/D 
O'C to +70'C 
Dice 


MAX634CPA 
O'C to +70'C 
8 Lead 
Plastic 
DIP 


MAX634CSA 
O'C to +70'C 
8 Lead Small 
Outline 


MAX634EPA 
-40'C 
to +85'C 
8 Lead Plastic 
DIP 


MAX634ESA 
-40'C 
to +85'C 
8 Lead Small 
Outline 


MAX634EJA 
-40'C 
to +85'C 
8 Lead CERDIP 


MAX634MJA 
-55'C 
to +125'C 
8 Lead CERDIP 


MAX4391C/D 
O'C to +70'C 
Dice 


MAX4391CPA 
O'C to +70'C 
8 Lead Plastic 
DIP 


MAX4391CSA 
O'C to +70'C 
8 Lead Small 
Outline 


MAX4391EPA 
-40'C 
to +85'C 
8 Lead 
Plastic 
DIP 


MAX4391ESA 
-40'C 
to +85'C 
8 Lead Small 
Outline 


MAX4391EJA 
-40'C 
to +85'C 
8 Lead CERDIP 


MAX4391MJA 
-55'C 
to +125'C 
8 Lead CERDIP 
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ABSOLUTE 
MAXIMUM 
RATINGS 


Supply 
Voltage 
(Note 
1) 
+18V 


Storage 
Temperature 
Range 
-65·C 
to +160·C 
Lead 
Temperature 
(Soldering, 
10 seconds) 
... 
+300·C 
Operating 
Temperature 
Range 
MAX634C, 
MAX4391C 
O·C to +70·C 
MAX634E, 
MAX4391 
E ........•....•...... 
-40·C 
to +85·C 
MAX634M, 
MAX4391 
M ....•..••...••... 
-55·C 
to +125·C 


Power 
Dissipation 


Plastic 
DIP (derate 
8.33mW/·C 
above 
+50·C) 
625mW 
Small 
Outline 
(derate 
6mW/·C 
above 
+50·C) 
450mW 
CERDIP 
(derate 
8mW/·C 
above 
+50·C) 
800mW 


Input 
Voltage, 
Pins 
1,3,8 
(Note 
2) 
-0.3V 
to +Vs +0.3V 


Lx Output 
Current 
525mA 
Peak 


LBD 
Output 
Current 
.................••............... 
50mA 


Stresses above those listed under ''Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum ratings conditions for extended periods may affect device reliability. 


ELECTRICAL 
CHARACTERISTICS 


(+Vs 
= +6.0V. 
TA = +25·C, 
unless 
otherwise 
noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MAX634 
MAX4391 
UNITS 
MIN. 
TYP. 
MAX. 
MIN. 
TYP. 
MAX. 


Supply 
Voltage 
(Note 
1) 
+Vs 
2.3 
16.5 
4.0 
16.5 
V 


No External 
Loads 
Supply 
Current 
I'N 
+Vs = 4.OV 
70 
150 
90 
250 
IJA 
+Vs = 16.5V 
150 
500 
170 
500 


Output 
Voltage 
VOUT 
VOUT nom = -S.OV 
-5.20 
-4.80 
-5.35 
-4.65 
V 
VOUT 
nom = -15.QV 
-15.70 
-14.30 
-15.85 
-14.15 


Line 
Regulation 
(Note 
4) 
VOUT 
nom = -S.OV 
2.0 
3.0 
%VOUT 
V,N = 5.0V to 15V 


VOUT 
nom = -s.ov 
+Vs = 4.5V, Cx = 350pF 
0.4 
0.4 


Load 
Regulation 
(Note 
4) 
PLOAD = OmW to 75mW 
OfoVOUT 
VOUTnom = -15.0V 
+Vs = 4.5V, Cx = 350pF 
0.14 
0.14 
PLOAD = OmW to 75mW 


Reference 
Voltage 
1.22 
1.25 
1.28 
1.18 
1.25 
1.32 
V 


Switch 
Current 
Isw 
Pin 5 = 5.0V 
75 
150 
75 
150 
mA 


Switch 
Leakage 
Current 
Ico 
Pin 5 = -18V, 
+Vs = 6V 
0.01 
1.0 
0.01 
5.0 
IJA 


Capacitor 
Charging 
Current 
Icx 
30 
30 
IJA 


Cx + Threshold 
Voltage 
+Vs - 0.1 
+Vs - 0.1 
V 


Cx - Threshold 
Voltage 
0.1 
0.1 
V 


Operating 
Frequency 
Range 
Fo 
0.1 
75 
0.1 
75 
kHz 
(Note 
3) 


Low 
Battery 
Output 
Current 
IlBD 
VB = 0.4V, V, = 1.1V 
500 
1000 
250 
600 
IJA 


Low 
Battery 
Output 
Leakage 
IL8DO 
VB = 16.5V, V, = 1.4V 
0.01 
3.0 
0.01 
5.0 
IJA 


Low 
Battery 
Input 
Threshold 
VLBR 
1.25 
1.25 
V 


Low 
Battery 
Input 
Bias 
Current 
ILBR 
0.01 
10 
0.01 
10 
nA 


Feedback 
Input 
Bias 
Current 
IFB 
0.01 
10 
0.01 
10 
nA 


Efficiency 
Figure 
2 
80 
80 
% 


Note 1: 
Note 
2: 


Note 
3: 
Note 
4: 


In addition 
to the Absolute 
Maximum 
rating 
of +18V. 
the 
input 
voltage 
also 
must 
not exceed 
24 -I-VOUTI. 


The 
input 
voltage 
limit 
may 
be exceeded 
provided 
input 
current 
is limited 
to less than 
1mA. 


The 
operating 
frequency 
range 
is guaranteed 
by design 
and verified 
with sample 
testing. 


Guaranteed 
by correlation 
with DC pulse measurements. 
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ELECTRICAL 
CHARACTERISTICS 


(+vs = +6.0V, full operating 
temperature 
range 
unless 
otherwise 
noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MAX634 
MAX4391 
UNITS 
MIN. 
TYP. 
MAX. 
MIN. 
TYP. 
MAX. 


Supply Voltage (Note 5) 
+Vs 
2.6 
16.5 
4.0 
16.5 
V 


No External Loads 
Supply Current 
I'N 
+Vs = 4.0V 
150 
250 
I'A 


+Vs = 16.5V 
SOO 
500 


Reference Voltage 
VAEF 
1.1a 
1.25 
1.32 
1.13 
1.25 
1.36 
V 


Output Voltage 
VOUT 
VOUTnom = -5.0V 
-5.25 
-4.75 
-5.5 
-4.5 
V 
VOUTnom = -15.0V 
-16.0 
-14.0 
-16.5 
-13.5 


Line Regulation 
VOUT nom = -5.0V 
3.0 
4.0 
%VOUT 
+Vs= 5.0V to 15V 


VOUT nom = -5.0V 


+Vs = 4.5V, Cx = 350pF 
0.5 
0.5 


Load Regulation 
PLOAD= OmWto 75mW 
%VOUT 
VOUT 
nom = -15.0V 


+Vs = 4.5V, Cx = 350pF 
0.3 
0.3 


PLOAD= OmWto 75mW 


Switch Leakage Current 
Ico 
Pin 5 = -1aV, +Vs = 6V 
0.01 
20 
30 
I'A 


Low Battery Output Current 
ILBO 
V. = OAV, V, = 1.1V 
500 
250 
I'A 


Low Battery Output Leakage 
ILSDD 
V. = 16.5V, V, = 1AV 
3 
5 
I'A 


____________________________ 
Pin Description D 


PIN 
NAME 
FUNCTION 


1 
LBR 
Low Battery Detection comparator 
input. 


The LBD output, pin 2, sinks current 
when this pin is below the low battery 
detector threshold 
of 1.25V. 


2 
LBD 
The Low Battery Detector output is an 
open drain N-channel 
MOSFET which 
sinks current when the LBR input, pin 1, 
is below 1.25V. 


3 
Cx 
An external 
capacitor 
connected 
between this terminal and ground sets 
the oscillator 
frequency. 47pF = 40kHz 


4 
GND 
Ground. 


5 
Lx 
External Inductor output driver. The 
internal P-channel MOSFET which drives 
this pin has an output resistance of an 
and a peak current rating of 525mA. 


PIN 
NAME 
FUNCTION 


6 
+Vs 
The positive supply voltage, from +3V to 
+16.5V (MAX634). The total voltage 
difference 
between the negative output 
voltage and the positive input voltage 
must be less than 24V 


7 
VAEF 
The Voltage REFerence output is 1.25V, 
generated by an on-chip 
bandgap 


reference. 


a 
VFS 
The output voltage is set by an external 
resistive 
divider 
connected 
to the 


Voltage Feedback input, pin a. The 
MAX634/MAX4391 
will pulse the Lx 


ouput whenever the voltage at this 
terminal 
is above 
Ground. 
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-- 
Typical Operating Characteristics 


u+ • "u 


I\. 


..•..•.. 


...•.. ...•.•..- 


TA = 25° 


R 
= 00 


/' 


.... 
V 
/" 


V I-"'" 
- 


_______ 
Detailed Description 


Principle 
of Operation 


Figure 
1 shows 
a simplified 
buck-boost 
voltage 


inverter, sometimes called an inverting 
or flyback 


converter. When the switch is closed a charging cur- 
rent flows through the inductor, creating a magnetic 
field. When the switch opens, the current continues 
to flow through the inductor in the same direction as 
the charging current. Since the switch is now open, 
the current 
must flow through 
the diode, thereby 


charging the capacitor with a negative voltage. The 
current 
linearly decays to zero and the magnetic 


field collapses as the energy stored in the inductor is 
transferred to the output filter capacitor. 


The MAX634 controls the magnitude of the negative 
output voltage by turning the switch on and off only 
when the output voltage has fallen below the desired 
value. 


Basic Circuit 
Operation 


Figure 2 shows the standard circuit for converting a 
positive input voltage into a negative voltage. When 
the feedback voltage at pin 8 is above ground, the 
P-channel MOSFET at pin 5 turns on during the next 
low-going 
period of the oscillator. The P-channel 


MOSFET delivers current to the external inductor, 
storing energy in its magnetic field. When the oscil- 
lator output goes high, the P-channel MOSFET turns 
off, and the "kickback" 
of the inductor pulls current 


through diode D1, negatively charging the output fil- 
ter capacitor, C1. This cycle repeats until the output 
voltage pulls the feedback input, pin 8, below ground. 


n· - 
-=-VIN 
- 
- 
0 


~l 
C 
VOUT 


+ 


The NOR gate latch prevents high frequency oscilla- 
tions by not allowing Lx to switch repeatedly during 
an oscillator cycle. 


The output 
voltage 
is determined 
by the internal 


1.25V reference and the ratio of the resistors R1 and 
R2. 


R1 
VOUT = 1.25V x R2 


Capacitor C1 is the output filter capacitor. The capac- 
itance and ESR (equivalent series resistance) of C1 
determine the output ripple. C2 and C3 are bypass 
capacitors; while Cx sets the oscillator frequency. 
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TO 
·VII 
r----l 
lOW 
: 
..: R4 
BATTERY 
R5 
~ 
~ 
1 
LBR COMPARATOR 
lIDtn" 
+-- 
1 R3 
..: 


I 
2fD:n 
~ 
I 
...•.. 


I 
- 
LDW '1r~Wr__ .•. 
-=-__ 
2 
LBO 
• 


OUTPUT 
R1 
VOLTAGE 


-5.0V 
300kll 


-9.0V 
536kll 
-12.0V 
720kll 
-15.0V 
900kll 


Oscillator 


The 
MAX634/MAX4391 
oscillator 
uses only 
one 
external 
component, 
a capacitor 
Cx 
connected 
between pin 3 and Ground. A value of 47pF sets the 
oscillator frequency to approximately 40kHz. 


The oscillator 
can also be externally 
driven with a 
CMOS gate which swings from ground to +Vs. The 
Lx output is always off when the Cx pin is externally 
driven high. 


Low Battery 
Detector 


The Low Battery Detector (LBO) Output (pin 2, Fig- 
ure 2) sinks current whenever the input voltage at 
Low Battery Resistor (pin 1) is less than +1.2SV.The 
LBR input 
is a high impedance 
CMOS input, with 


less than 10nA leakage current. The LBO output 
is 
an open drain N-channel MOSFET with about soon 
of output 
resistance. The operating 
voltage of the 
low battery detector can be adjusted using an exter- 
nal voltage divider as shown in Figure 2. If hysteresis 
is desired, add a resistor between pins 1 and 2. 


R4 
VLOBATT= 1.2SVx (1 + R3) or, 


R4 = R3 
(VLOBATT- 1) 


x 
1.2SV 


FEEDBACK 
COMPARATOR 
V" 
B 


where VLOBATTis the operating 
voltage of the low 


battery detector, and R3 is usually between 10kn and 
10Mf1, with a typical value being 470kn. 
__ 
External Component Selection 


Inductor 
Value 


The available output current from an inverting 
DC- 


DC voltage converter is determined 
by the value of 


the external inductor, the output voltage, the input 
voltage, and the operating frequency. The inductor 
must 1) have the correct 
inductance, 
2) be able to 


handle the peak currents, 
and 3) have acceptable 


series resistance and core losses. 


(V1NTON)2f 


LMAX= 
2 POUT 


L 
- V1NTON 


MIN-~ 


where 
IMAX is the 
maximum 
allowable 
peak 
Lx 


current (S2SmA). 


Contrary to what most people would expect at first 
glance, 
reducing 
the inductor 
value increases the 


available output current: lower L increases the peak 
current, 
thereby 
increasing 
the available 
power. If 
the inductance 
is too high, the MAX634/MAX4391 


will not be able to deliver the desired output power, 


CMOS Micropower 
Inverting Switching Regulator 


even with the Lx output turned on with each oscilla- 
tor cycle. The available output power can be increased 
by either decreasing the inductance or by decreas- 
ing the frequency. Decreasing the frequency increases 
the on period of the Lx output, thereby increasing 
the peak inductor current, which in turn increases 
the available output power since the output power is 
proportional 
to 
the square of the 
peak inductor 


current. 


The most common MAX634 circuit is the buck-boost 
voltage inverter (Figure 2). When the P-channel out- 
put device is on, the current in the inductor linearly 
rises since: 


di 
V 
dt 
L 


At the end of the on period the current is 


I 
= VIN Ton = 5V x 50t/S = 250mA 


pk 
L 
1mH 


assuming a 10kHz, 50% duty cycle oscillator 
and 


+Vs = 5V 


The energy in the coil is: 


1 
E = 2" L Ipk2 = 31.2,..J 


At maximum load this cycle is repeated 10,000times 
per second, and the power transferred through the 
coil is 10,000 x 31.2,..J= 312mW. If the output voltage 
is -5V, then 312/5 = 62.5mA of output current is avail- 
able, ignoring losses and component tolerances. In a 
practical circuit, 50mA of output current is available 
at -5V. 


The 
external 
inductor 
required 
by the 
MAX6341 


MAX4391 is readily obtained from a variety of sup- 
pliers. (See Table 1.) 


~pes of Inductors 


Molded 
Inductors 


These 
are cylindrically 
wound 
coils 
which 
look 


similar to 1 watt resistors. They have the advantages 
of low cost and ease of handling, but have higher 
resistance, higher losses, and lower power handling 
capability than other types. 


Potted 
Toroldat 
tnductors 


A typical 
1mH, 0.82 ohm potted toroidal 
inductor 


(Dale TE-3Q4TA) 
is 0.685" in diameter by 0.385" 
high and mounts directly onto a printed circuit board 
by its leads. Such devices offer high efficiency and 
mounting ease, but at a somewhat higher cost than 
molded inductors. 


Ferrite 
Cores (Pot Cores) 


Pot cores are very popular as switch-mode inductors 
since 
they 
offer 
high 
performance 
and ease of 


design. The coils are generally wound on a plastic 
bobbin, which is then placed between two pot core 
sections. 
A simple clip to hold the core sections 


together completes the inductor. Smaller pot cores 
mount directly 
onto printed circuit 
boards via the 


bobbin terminals. Cores come in a wide variety of 
sizes, often with the center posts ground down to 
provide 
an air gap. The gap prevents saturation 
while accurately 
defining 
the inductance 
per turn 
squared. 


Pot cores are suitable for all DC-DC converters, but 
are usually used in the higher power applications. 
They are also useful for experimentation 
since it is 
easy to wind coils onto the plastic bobbins. 


Toroidal 
Cores 


In volume production 
the toroidal core offers high 


performance, 
low size and weight, and low cost. 


They are, however, slightly more difficult for proto- 
typing, in that manually winding turns onto a toroid 
is more tedious than on the plastic bobbins used 
with pot cores. Toroids are more efficient for a given 
size since the flux is more evenly distributed than in 
a pot core, where the effective cross sectional area 
differs between the post, side, top and bottom. 


Since it is difficult 
to gap a toroid, 
manufacturers 


produce toroids 
using a mixture of ferromagnetic 


powder (typically iron or Mo-Permalloy powder) and 
a binder. The permeability 
is controlled 
by varying 


the amount of binder, which changes the effective 
gap between the ferromagnetic particles. Me-Permalloy 
powder (MPP) cores have lower lossesand are recom- 
mended for the highest efficiency, while iron powder 
cores are lower cost. 


MANUFACTURER 
TYPICAL 
DESCRIPTION 
PART # 


MOLDED 
INDUCTORS 


Dale 
IHA-104 
500l'H, 
0.5 ohms 


Caddell-Burns 
6860-19 
330l'H, 
0.33 ohms 


TAW 
LL-500 
500I'H, 
0.75 ohms 


POTTED 
TOROIDAL 
INDUCTORS 


Dale 
TE-3Q4TA 
1mH, 0.82 ohms 


TAW 
MH-1 
600l'H, 
1.9 ohms 


Torotel 
Prod. 
PT 53-18 
500l'H,5 
ohms 


FERRITE 
CORES 
AND 
TOROIDS 


Allen 
Bradley 
T0451S100A 
Tor. Core, 
500nH/T2 


Siemens 
B64290-K38-X38 
Tor. Core, 
41'H/T2 


Magnetics 
555130 
Tor. Core, 
53nH/T2 


Stackpole 
57-3215 
Pot Core, 
14mm 
x8mm 


Magnetics 
G-41408-25 
Pot Core, 
14 x 8, 250nH/T2 


Note 
1: 
This 
list 
does 
not 
constitute 
an 
endorsement 
by 


Maxim 
Integrated 
Products 
and 
is not 
intended 
to be 


a 
comprehensive 
list 
of 
all 
manufacturers 
of 
these 


components. 
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External 
Diode 


In most MAX634 circuits the inductor current returns 
to zero before Lx turns on for the next output pulse. 
This allows the use of slow turn-off diodes. On the 
other hand, the diode current 
abruptly 
goes from 
zero to full peak current each time Lx switches off 
(Figure 2, D1). To avoid excessive losses during turn- 
on, the diode must have a fast turn-on time. 


The 1N914 or 1N4148 is suitable for low power appli- 
cations. The 1N5817 series of Schottky 
diodes or 


their equivalent are suitable for higher power applica- 
tions. Rectifier diodes such as the 1N4001 series are 
unacceptable since their slow turn-on results in ex- 
cessive losses. 


Filter capacitor 


The output filter capacitor (C1 in Figure 2) stores the 
energy delivered by the inductor, and delivers current 
to the load. The output 
voltage 
ripple 
is directly 
affected by the capacitance and the equivalent series 
resistance (ESR) of the output filter capacitor. 


The output voltage ripple has two components, with 
approximately 90° phase difference. One ripple com- 
ponent is created by the change in stored charge in 
the capacitor with each output pulse. The other ripple 
component 
is the product of the capacitor charge/ 


discharge 
current 
times the ESR (effective series 
resistance) of the capacitor. With low cost aluminum 
electrolytic 
capacitors, the ESR produced 
ripple is 
generally larger than the ripple from the change in 
charge. 


VESR= Ipkx ESR (Volts P-P) 


= (~) 
x ESR (Volts P-P) 
2LF 


where VIN is the input voltage to the coil, L is the 
inductance of the coil, f is the oscillator frequency, 
and ESR is the equivalent series resistance of the 
output fiIter capacitor. 


The 
output 
ripple 
resulting 
from 
the 
change 
in 
charge on the filter capacitor is: 


VdO=-§ where: Q = tOISx Ip;ak 


. V1N 
and: Ipeak= tCHGx L 


V 
- V1N(tCHG)(tOIS) 
dO - 
2LC 


where tCHG and tOIS are the charge and discharge 
times for the inductor (1/(2f) can be used for norminal 
calculations). 


Oscillator 
capacitor, 
ex 


The oscillator 
capacitor can be a low cost ceramic 


capacitor. If the circuit will be operated over a wide 
temperature range, an capacitor with a low tempera- 
ture coefficient of capacitance should be used. 


The value of Cx can be calculated using the formula: 


2.14 x 10-6 


Cx = 
f 
- CINT 


where f is the desired operating frequency in Hertz, 
and C1NTis the sum of the stray capacitance on the 
Cx pin and the internal capacitance of the package. 
The internal capacitance is about 1pF for the plastic 
package and 3pF for the CERDIP package. Typical 
stray capacitance 
is about 3pF for normal printed 


circuit board layouts, but will be significantly higher if 
a socket is used. 


___ 
Application 
Hints 


Inductor 
Saturation 


When using off-the-shelf 
inductors, 
make sure that 


the peak current rating is observed. When designing 
your own inductors, observe the core manufacturer's 
Ampere-turns 
or NI ratings. Failure to observe the 


peak current or Nl ratings may lead to saturation of 
the inductor, especially in circuits with external cur- 
rent boosting transistors. 
Inductor 
saturation 
leads 


to very high current levels through the external boost 
transistors, causing excessive power dissipation, poor 
efficiency, and possible damage to the inductor and 
the external transistor. 


Test for saturation 
by applying 
the maximum load, 


the maximum input voltage, and (for a safety mar- 
gin) lowering the clock frequency 
by 25%. Monitor 


the inductor 
current 
using 
a current 
probe. The 


normal inductor current waveform is a sawtooth with 
a linear current ramp. Saturation creates a nonlinear 
current 
waveform 
with 
a very 
rapid 
increase 
in 


current once the inductor saturates. It is this rapid 
current 
increase and the resultant 
high peak cur- 


rents that can damage the inductor and the external 
boost transistor. 


Bypassing and Compensation 


The high operating current pulses in the Lx output 
and the external inductor 
can cause erratic opera- 


tion 
unless the MAX4391/MAX634 is properly 
by- 


passed. Connect 
a 10/lF bypass capacitor 
directly 


across the MAX4391 between pin 6 (+Vsl and pin 4 
(Ground) 
to minimize the inductance and high fre- 


quency impedance of the power source. Make sure 
that 
the high 
current 
ground 
return 
path of the 


inductor 
does 
not 
cause 
a voltage 
drop 
in the 


MAX4391 ground line. 
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The reference voltage output, pin 7, should also be 
bypassed to ground to avoid coupling 
to the high 
current path that includes the Lx output, the inductor, 
and its ground return. 


With light loads, coupling 
from the high power cir- 
cuit into the control circuitry 
may cause the output 
pulses to occur 
in bursts, thereby 
increasing 
low 


frequency 
ripple and degrading 
the line and load 


regulation. Normal operation with evenly distributed 
output pulses can be restored by adding a 100pF to 
10nF compensation 
capacitor 
across the feedback 


resistor, R1. Minimizing the stray capacitance on the 
VFB terminal 
will often eliminate 
the need for this 


compensation capacitor. 
_______ 
Typical Applications 


-5V Output 
Regulated 
Voltage 
Inverter 


The standard circuit in Figure 2 will deliver SOmAat 
-Sv. Efficiency is 8S%when using a low loss pot core 
or toroidal 
inductor 
such 
as the 
Dale TE3Q4TA 


series. Using a low cost molded inductor with several 
ohms series resistance reduces the efficiency to 70%. 


-12V and -15V Output DC·DC Inverters 


The circuit of Figure 2 can also be used for -12V or 
-1SV outputs by simply changing the value of R1 in 
the feedback network using the formula 


VOUT R2 
R1=1:25v- 


LX 
VFB 
VR£f 
+VS 


GND 
NlAXINI 


MAX634 


.MAXI.M 


MAX634 
MAX4391 


• 
L, 


14mm x Bmm POT CORE 
22OI'H PRIMARY 
~ 


Dual Output, ± 12V 
or ±15V DC·DC Converter. 


The buck-boost configuration 
of the MAX634 is well 
suited for dual output DC-DC converters. As shown 
in Figure 3, all that is needed is a second winding on 
the inductor. Typically, this second winding is bifilar 
(primary and secondary are wound simultaneously 
using two wires in parallel). The inductor 
core is 
usually a toroid or a pot core, see Table 1. 


CMOS Micropower 
Inverting Switching Regulator 


The negative output voltage is fully regulated by the 
MAX634. The positive voltage is semi-regulated, and 
will vary slightly with load changes on either the pos- 
itive or negative outputs. See the MAX630 data sheet 
for a similar circuit 
with a fully 
regulated 
positive 
output and a semi-regulated 
negative output. If both 


outputs must be fully regulated use both a MAX634 
and a MAX630, as shown in Figure 4. 


Voltage Inve,te, 


In Figure S, the negative output voltage tracks the 
positive input voltage. This circuit performs the same 
function 
as Maxim's ICL7660, but with better output 
regulation and higher output current capability. With 
the circuit components shown, Figure S will deliver 
approximately 
SOmA at -9V when the input is +9V, 


and about 30mA at -SV when the input is +Sv. 


Input voltage tracking is achieved by using the posi- 
tive input 
voltage as the reference instead of the 


on board bandgap reference. 


The output voltage is set by the input voltage, R1, 
and R2 as follows: 


R2 
VOUT= - R1x +Vs 


LowPowe, Shutdown 


Unlike the MAX630, the MAX634 and MAX4391 do 
not have a logic level shutdown pin, but a low power 
mode can easily be implemented as shown in Figure 
6. Since the operating current is only 2S0!-'A maxi- 
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mum, the GND 
pin can be driven 
directly 
by a 


CMOS gate or N-channel 
FET. Drive GND low for 


normal operation; let it float or drive it high to enter 
the low power shutdown mode. In low power shut- 
down the MAX634 circuit 
draws only the leakage 


current of the Lx output. 


The Ground pin should be well bypassed and any 
voltage drop across the CMOS gate adds to the ref- 
erence voltage, slightly increasing the regulated out- 
put voltage. 
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-T5.0V 
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900kll 


Boosting 
Output 
Power 
With 
External 
Power Devices 


The MAX634 and MAX4391 are limited to a maxi- 
mum switch current of 525mA. If higher current, or 
output resistance less than the 6 ohms of the MAX634 
is required, the circuits of Figures 7, 8, or 9 can be 
used. 


The circuit of Figure 7 uses an NPN bipolar transis- 
tor 
to 
boost the output 
current. 
All of the NPN 
transistor base current is used to drive the inductor, 
but the voltage drop across the transistor 
will be 
approxmately 0.7V. 


The circuit 
of Figure 8 uses a low resistance N- 
channel MOSFET in a transformer coupled voltage 
inverter circuit. This circuit has the advantage that a 


A'lAXIA'I 


MAX634 
MAX439T 


positive 
output 
voltage 
can also be obtained 
by 
simply adding a diode and an output filter capacitor. 
The -15V output is fully regulated for both line and 
load variations; the +20V 
output voltage will varies 
with changes in load on either the +20V 
or -15V 
output. as well as changes in the +5V 
input. This 
variation is normally less than 10%. 


High Output 
Voltage 


The circuit in Figure 9 converts any positive voltage 
from +3V to +16V to any desired output voltage, as 
long 
as the voltage 
breakdown 
of the external 


P-Channel MOSFET is not exceeded. This circuit is 
also useful for generating a high power, high effi- 
ciency -12V or -15V output using a simple one wind- 
ing coil. 
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Operating 
with 
Wide Input 
Voltage Range 


The available output power varies as the square of 
the input 
voltage. The Low Battery 
Detector 
can 
compensate for a reduction in input voltage by lower- 
ing the oscillator frequency, as shown in Figure 10. 
With the values shown, the oscillator 
frequency 
is 
40kHz when the input voltage is above 6Y. When the 
input falls below 6V,the Low Battery Detector (LBD) 
output 
goes 
low, placing 
the 100pF capacitor 
in 
parallel with ex, reducing the oscillator frequency to 
14kHz. This increases the available output power by 
a factor of 3. 


This circuit can be used with any of the other appli- 
cation circuits in this data sheet. 
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DEVICE 
DESCRIPTION 
INPUT VOLTAGE 
OUTPUT VOLTAGE 
COMMENTS 


ICL7660 
Charge 
Pump 
Voltage 
Inverter 
1.5V to 10V 
-V'N 
Not 
regulated 


MAX4193 
DC-DC 
Boost 
Converter 
2.4V to 16.5V 
VOUT> 
V1N 
RC4193 2nd source 


MAX630 
DC-DC 
Boost 
Converter 
2.0V to 16.5V 
VOUT> 
V1N 
Improved 
RC4191 2nd source 


MAX631 
DC-DC 
Boost 
Converter 
1.5V to 5.6V 
+5V 
Only 
2 external 
components 


MAX632 
DC-DC 
Boost 
Converter 
1.5V to 12.6V 
+12V 
Only 
2 external 
components 


MAX633 
DC-DC 
Boost 
Converter 
1.5V to 15.6V 
+15V 
Only 
2 external 
components 


MAX4391 
DC-DC 
Voltage 
Inverter 
4V to 16.5V 
up to -20V 
RC4391 
2nd source 


MAX634 
DC-DC 
Voltage 
Inverter 
2.3V to 16.5V 
up to -20V 
Improved 
RC4391 
2nd source 


MAX635 
DC-DC 
Voltage 
Inverter 
2.3V to 16.5V 
-5V 
Only 
3 external 
components 


MAX636 
DC-DC 
Voltage 
Inverter 
2.3V to 
16.5V 
-12V 
Only 
3 external 
components 


MAX637 
DC-DC 
Voltage 
Inverter 
2.3V to 16.5V 
-15V 
Only 
3 external 
components 


MAX638 
DC-DC 
Voltage 
Stepdown 
3V to 16.5V 
VOUT < V1N 
Only 
3 external 
components 


MAX641 
High 
Power 
Boost 
Converter 
1.5V to 5.6V 
+5V 
Drives 
external 
MOSFET 


MAX642 
High 
Power 
Boost 
Converter 
1.5V to 12.6V 
+12V 
Drives 
external 
MOSFET 


MAX643 
High 
Power 
Boost 
Converter 
1.5V to 15.6V 
+15V 
Drives 
external 
MOSFET 


~~I~JXI~~I 
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_______ 
General Description 


The MAX635/MAX636/MAX637 
inverting switching 
regu- 


lators 
are designed 
for minimum 
component 
DC-DC 
conversion 
in the 5mW to 500mW range. 


Low power applications 
require only a diode, output filter 


capacitor, 
and 
a low-cost 
inductor. 
An additional 
MOSFET and driver are needed for higher power appli- 
cations. 
Low battery detection 
circuitry 
is included 
on 


chip. 


The MAX635/636/637 
are preset for -5V, -12V, and -15V 
outputs, 
respectively. 
However, the regulators 
can be 


set to other levels by adding 2 resistors. 


Maxim manufactures 
a broad line of step-up, step-down, 
and inverting 
DC-DC converters, 
with features such as 


logic-level 
shutdown, 
adjustable 
oscillator 
frequency, 


and external MOSFET drive. 


_____ 
' 
, 
Applications 


Minimum Component, 
High-Efficiency 


DC-DC Converters 


Portable Instruments 


Battery Power Conversion 


Board Level DC-DC Conversion 


-AXIAl 


MAX635 
MAX636 
MAX631 


____________ 
Features 


• 
Preset -5V, -12V, -15V Output Voltages 


• 
Adjustable 
Output with 
2 Resistors 


• 
85% Typ Efficiency 


• 
Only 3 External Components 


• 
80~A Typ Operating Current 


• 
Low Battery Detector 


PART- 
TEMP. RANGE 
PIN·PACKAGE 


MAX635XCPA 
O'C to +70'C 
8 Plastic DIP 


MAX635XCSA 
O'Cto 
+70'C 
8 Narrow SO 


MAX635XC/D 
O'C to +70'C 
Dice 


MAX635XEPA 
-40'C to +S5'C 
S Plastic DIP 


MAX635XESA 
-40'C to +S5'C 
S Narrow SO 


MAX635XEJA 
-AO'C to +S5'C 
SCERDIP 


MAX635XMJA 
-55'C to + 125'C 
SCERDIP 


MAX636XCPA 
O'C to +70'C 
S Plastic DIP 


MAX636XCSA 
O'C to +70'C 
8 Narrow SO 


MAX636XC/D 
O'C to +70'C 
Dice 


MAX636XEPA 
-AO'C to +S5'C 
S Plastic DIP 


MAX636XESA 
-AO'C to +S5'C 
S Narrow SO 


MAX636XEJA 
-AO'C to +S5'C 
SCERDIP 


MAX636XMJA 
-55'C to + 125'C 
SCERDIP 


10~F 


+5V 
+~ 


+Vs 


VFB 
-VOUT 
-15V 


~ 
100~F 
MAX631 
1 
5 
VREF 
LX 


LBI 


3 
33O!Jh 
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ABSOLUTE MAXIMUM RATINGS 


Operating 
Temperature 
Range 
MAX63 __ C 
MAX63 __ E. 
MAX63 __ M 
Storage Temperature 
Lead Temperature 
(Soldering, 
10 sec.) 


+18V 


-o.3V to (+Vs + 0.3V) 


525mA Peak 
50mA 


Supply Voltage, 
+Vs (Note 1) 
Input Voltage, 
LBO, LBI, VFB . 


LX Output Current 
LBO Output Current 
Power Dissipation 
Plastic DIP (derate 833mWrC above +50·C) 
625mW 


Small Outline (derate 6mWrC above +50·C) 
. 
450mW 


CERDIP (derate 8mWrC above +50·C) 
. 
800mW 


Stresses 
beyond 
those listed under 
"Absolute 
Maxin:um 
Ratings· 
may cau~epern:anent 
damage 
to the .device. 
These are stress 
ratings 
only and functional 


operation 
of the device 
at these or any other conditIons 
beyond 
those indIcated 
In the operational 
sectIOns 
of the specifications 
1$ not implied. 
Exposure 
to 


absolute 
maximum 
rating conditions 
for extended 
periods 
may affect 
device 
reliability. 


O·C to +70·C 
-40·C to +85·C 


.. .. .. .. .. .... 
-55·C to + 125·C 
-6S·C to +160·C 


. . . . . . . . . . .. 
+300·C 


ELECTRICAL CHARACTERISITICS 
(TA = +25·C, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Supply Voltage (Note 1) 
+Vs 
TA = +25·C 
23 
16.5 
V 
Over Temperature 
2.6 
16.5 


No Load, LX Off, 


Supply Current 
Is 
Over Temperature 
IlA 
+Vs = +5V 
80 
150 
+Vs = +15V 
260 
500 


Reference Voltage 
VREF 
TA = +2S·C 
1.24 
1.31 
1.38 
V 
Over Temperature 
1.20 
1.42 


No Load, VFB = VREF, +Vs = +5V 
Over Temperature 


MAX635A} 
-4.75 
-5.0 
-5.25 


VOUT Voltage (Note 2) 
MAX636A 
5% Output Accuracy 
-11.4 
-12.0 
-12.6 
V 
MAX637A 
-14.25 
-15.0 
-15.75 


MAX635B} 
-45 
-50 
-5.5 
MAX636B 
10% Output Accuracy 
-108 
-12.0 
-132 
MAX637B 
-13.5 
-15.0 
-16.5 


Efficiency 
85 
% 


Line RegUlation (Note 2) 
+5V<+VS<+ 
15V 
0.5 
%VOUT 


Load Regulation 
(Note 2) 
POUT = OmW to 150mW 
0.2 
%VOUT 


Oscillator Frequency 
fa 
+VS = +5V 
MAX63 
A 
45 
50 
56 
kHz 
MAX63-B 
40 
50 
65 


Oscillator 
Duty Cycle 
+VS = +5V 
40 
50 
60 
% 


LX On Resistance 
RON 
Ix = 100mA, +Vs = +5V 
9 
16 
n 
= +15V 
4 
8 


+VS=+16SV 


LX Leakage Current 
IXl 
TA = +25·C 
0.01 
1.0 
IlA 
Over Temperature 
30 


VFB Input Bias Current 
IFB 
0.01 
10 
nA 


Low Battery Threshold 
VlBI 
1.31 
V 


Low Battery Input Bias Current 
IlBI 
0.01 
10 
nA 


V2 = +O.4V, V3 = + 1.1V 


Low Battery Output Current 
IlBO 
TA = 25·C 
10 
mA 
Over Temperature 
0.5 


Low Battery Output 
IlBOl 
V2 = +16.5V, V3 = +1.4V 
001 
3.0 
IlA 
Leakage Current 


Note 1: 
In addition 
to the Absolute 
Maximum Rating of + 18V, the input voltage also must not exceed 24V -I -VOUT I. 
Note 2: 
Guaranteed 
by correlation 
with DC pulse measurements. 
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PIN 
NAME 
FUNCTION 


1 
-VOUT 
The sense INPUT for fixed output op- 
eration, -VOUT, is internally con- 
nected to the on-chip 
voltage divider. 


Although 
it is connected 
to the output 


of the DC-DC converter 
(Figure 2), 


VOUT does not supply current, LX 
does. 


2 
LBO 
Low Battery Detector Output. 
An 
open drain N-channel 
MOSFET which 


sinks current when the voltage at LBI 
is below 1.31V. 


3 
LBI 
Low Battery Detector 
Input. 
When the 


voltage at LBI is lower than the low 
Battery Detector threshold 
(+ 1.31V), 


LBO sinks current. 


4 
GND 
Ground 


PIN 
NAME 
FUNCTION 


5 
LX 
This pin drives the external inductor 
with an internal P-channel 
power 


MOSFET. 
LX has an output resis- 


tance.of typically fin and a peak cur- 
rent rating of 525mA. 


6 
+Vs 
The positive Supply Voltage, from +2V 
to + 16.5V. The total difference 
be- 
tween the negative 
output voltage and 


the positive input must be less than 
24V. 


7 
VREF 
The Voltage Reference 
output is 


+ 1.31V, generated 
by an on-chip 
bandgap 
reference. 


8 
VFB 
When VFB is tied to VREF, the DC-DC 
converter 
output will be the factory 


preset value. 
When an external volt- 


age divider 
is connected 
to VFB and 


VREF,this pin becomes 
the feedback 


input for adjustable 
output operation. 
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______ 
Detailed Description 


Principle of Operation 


Figure 1 shows a simplified 
inverting 
converter. 
When 


the switch is closed, a charging current flows through the 
inductor, 
creating 
a magnetic 
field. 
When the switch 


opens, the current continues to flow through the inductor 
in the same direction 
as the charging 
current. 
Since the 


switch 
is now open, the current 
must flow through 
the 
diode, 
thereby 
charging 
the capacitor 
with a negative 


voltage. 
As the energy stored 
in the inductor 
is trans- 


ferred to the output filter capacitor, 
the current 
linearly 


decays to zero, and the magnetic 
field collapses. 


The MAX635/636/637 
controls the magnitude 
of the neg- 
ative output voltage by turning the switch on and off only 
when the output voltage has become more positive than 
the desired value. 


Basic Circuit Operation 


Figure 
2 shows 
the standard 
circuit 
for converting 
a 


positive voltage 
into a negative 
one. 
When the output 
becomes 
more positive than the preset level, the Error 


Comparator 
switches 
low, and the MOSFET at LX is 


toggled 
on and off at the clock frequency. 
During the 


low-going 
period of the oscillator, 
P1 is on, and current is 
delivered 
to the external 
inductor 
through 
the LX pin. 


n 
t----l4----1r----O 


When the oscillator output goes high, the MOSFET turns 
off, but current continues 
to flow through 
the inductor. 


Diode 01 thus conducts, 
and the output filter capacitor, 


C1, is charged 
negatively. 


Basic Step-Down Circuit 


Table 1 lists some coil manufacturers 
and typical 
part 


numbers. 
Table 2 shows nominal inductor 
parameters 


for a variety of input and output voltages. 
The data refers 
to the circuit of Figure 2. 
When noise is not critical, 
a 
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low-cost 
bobbin 
inductor 
will 
suffice. 
For 
higher 
power 
circuits, 
or when 
low 
noise 
and 
EMI 
are 
required, 
pot 
cores 
or toroids 
should 
be used. 
If more 
output 
power 
is 
desired, 
see the 
Medium 
Power 
Inverters 
section. 


Table 1. Coil and Core Manufacturers 
(Note 3) 


MANUFACTURER 
TYPICAL 
DESCRIPTION 
PART # 


ASIA 


TDK Corporation 
13-1, Nihonbashi 
1-chome 
Chuo-ku 
Tokyo 103 Japan 


EUROPE 


Richard Jahre GmbH 
Luetzowstrasse 
90 
1000 Berlin 30 Germany 


BOBBIN INDUCTORS 


Dale 
IHA-104 
5OOI'H,0.5Q 


Caddell-Burns 
7070-29 
220I'H, 0.55Q 


Gowanda 
1B253 
250I'H. 0.44Q 


TRW 
LL-500 
500I'H,0.75Q 


POTTED TOROIDAL 
INDUCTORS 


Dale 
TE-3Q4TA 
1mH,0.82Q 


TAW 
MH-1 
6OOI'H,1.9Q 


Gowanda 
050AT1003 
100I'H,0.05Q 


FERRITE 
CORES AND TOROIDS 
(Note 4) 


Allen Bradley 
T0451S100A 
Tor. Core, 
500nH(T2 


Siemens 
B64290-K38-X38 
Tor Core, 41'HfT2 


Magnetics 
555.130 
Tor. Core, 
53nH(T2 


Stackpole 
57-3215 
Pot Core, 
14mmx 
8mm 


Magnetics 
G-41408-25 
Pot Core, 
14 x 8, 250nHfT2 


Note 3: This list does not constitute 
an endorsement 
by Maxim 
Integrated 
Products and is not intended to be a compre- 
hensive list of all manufacturers 
of these components. 


Note 4: 
Permag Corp. is a distributor 
for many of the listed core 
and toroid manufacturers 
(516) 822-3311. 


Table 2. Inductor Selection for 
Common Designs (Figure 2) 


VIN 
VOUT 
lOUT 
INDUCTOR 


(V) 
(V) 
(mA) 
Part No. 


I'H 
Q 


+3 
-5 
5 
7070-27 
15Ol'H 
0.43 


+5 
-5 
25 
7070-27 
15Ol'H 
0.43 


+9 
-5 
40 
7070-31 
33Ol'H 
0.72 


+12 
-5 
45 
7070-33 
47Ol'H 
0.88 


+15 
-5 
50 
7070-35 
68Ol'H 
1.5 


+5 
-12 
12 
7070-26 
12Ol'H 
0.32 


+9 
-12 
30 
7070-31 
33Ol'H 
0.72 


+12 
-12 
40 
7070-33 
47Ol'H 
0.88 


+3 
-15 
2 
7070-27 
15Ol'H 
0.43 


+5 
-15 
8 
7070-27 
15Ol'H 
0.43 


+9 
-15 
25 
7070-31 
33Ol'H 
0.72 


Low Battery Detector 


The Low Battery 
Output, 
LBO, 
sinks 
current 
whenever 
the 
input 
voltage 
at 
Low 
Battery 
Input, 
LBI, 
is 
less 
than 


+ 1.31V. 
LBI is a high 
impedance 
CMOS 
input, 
with 
less 


than 
10nA 
leakage 
current. 
LBO 
is an 
open 
drain 
N- 
channel 
MOSFET 
with 
about 
5000 
of output 
resistance. 
•• 
The 
trip 
voltage 
of 
the 
Low 
Battery 
Detector 
can 
be 
•• 


adjusted 
using 
an external 
voltage 
divider 
as shown 
in 


Figure 
2. 
If hysteresis 
is desired, 
add 
a resistor 
between 


LBO 
and 
LBI. 


Let R2 be any 
resistance 
in the 
10kQ 
to 10MO 


range, 
typically 
100kO, 
then: 


VLB 


R1 = R2 ( 1.31V 
-1) 


(VLB is the desired 
Low 
Battery 
detection 
voltage.) 


-VOUT 
+Vs 
VFB 


AlUJx •.••.•• 


MAX635 
LBI 
MAX636 
VREF 


MAX637 
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Fixed or Adjustable Output 


For operation 
at one of the preset output voltages 
(-5V 
for the MAX635, -12V for the MAX636, and -15V for the 
MAX637), 
VFB is connected 
to VREF, and no external 
resistors are required. 


Other output 
voltages 
are selected 
by connecting 
an 


external voltage divider to VFB as shown in Figure 3. The 
output is set by R3 and R4 as follows: 


Let R4 be any resistance 
in the 10kn to 10Mn 
range, typically 
100kn, then: 


R3 
VOUT=-1.31V 
x R4 


______ 
External Components 


What Value of Inductor? 
A General Discussion 


The converters 
in this data sheet operate by charging 
an 
inductor from a DC input and then discharging 
the induc- 


tor to generate a DC output that is opposite 
in polarity to 
the input. 


Inductor selection for any DC-DC converter depends 
on 
three things: the desired output power, the input voltage 
(or input voltage 
range), 
and the converter's 
oscillator 


frequency 
and duty cycle. 
The oscillator timing is impor- 


tant because it determines how long the coil will be charged 
during 
each cycle. 
This, along with the input voltage, 


determines how much energy will be stored in the coil. 


The maximum 
amount of energy 
(EL) in the coil each 
cycle 
is a function 
of the peak current 
(Ipk) and the 
inductance 
of the coil (L): 


The inductor must meet four electrical 
criteria: 


[ ] 
Value - 
low enough 
inductance 
so it stores ade- 


quate energy at the worst-case, 
low input voltage. 


High enough 
so excessive 
and potentially 
destructive 
currents 
are avoided 
under worst-case 
high conditions 
for power-switch 
transistor 
on time and high input volt- 


age. 


[ ] 
Saturation - The coil must deliver the correct induc- 
tance value at the worst-case, 
high peak operating 
cur- 
rent. 


[ ] 
EMI - Electromagnetic 
interference 
must not upset 
nearby circuitry or the regulator IC. Ferrite bobbin types 
work well for digital circuits; toroid or pot core types work 
well for EMI-sensitive analog circuits. 


[ ] 
DC resistance 
- Winding 
resistance 
must be ade- 


quately low so efficiency 
is not affected and self-heating 


does not occur. 
Values less than 0.5n are usually more 
than adequate. 


Other inductor parameters, 
such as core loss or self-res- 
onant frequency, 
are not a factor 
at the relatively 
low 


MAX635/636/637 
operating 
frequency. 


Inductor 
Value - Low Enough? 


The problem that bites designs most often, especially 
in 
the production 
or pre-production 
phase, happens 
when 
the inductor value is too high. 
These units fail to deliver 
enough 
load current 
and exhibit 
poor load regulation. 
The worst case is: 


[ ] 
Maximum load current 


[ ] 
Minimum supply voltage 


[ ] 
Maximum inductor value, including 
tolerance 


[ ] 
Maximum 
on resistance 
of the switch 
because 
it 


reduces the excitation voltage across the inductor 


[ ] 
Worst-case 
low on time 


Inductor Value - High Enough? 


The inductor 
value must also be high enough 
so peak 
currents do not stress the transistor or cause the inductor 
core to saturate. 
Odd symptoms can be traced to exces- 
sive inductor currents: 
low efficiency, 
rattling heat sinks, 


whining 
coils, 
and 
increased 
output 
ripple. 
Very low 
inductor values can result in damaged 
power transistors. 


The slope of the inductor current, and therefore the peak 
value that it reaches in a given on time, is determined 
by 
the supply 
voltage 
and the inductor 
value. 
The worst 
case occurs at: 


[ ] 
Maximum supply voltage 
[ 1 
Minimum inductor value, including tolerance 
[ ] 
Minimum on resistance 
of the switch 
[ ] 
Low switching 
frequency 
(or maximum 
switch 
on 


time) 


Inductor Selection 


The inductor equations below must be calculated 
for both 
worst-case 
sets of conditions. 
The final value chosen 
should 
be between 
the minimum 
value and maximum 
value calculated. 
Within these bounds, the value can be 
adjusted slightly lower for extra load capability 
or higher 


for lowest ripple. 


VOUT + VOIOOE 


[1] 
Ipk = (0.25) (VIN _ Vsw) (lOUT) 


[2] 
L = VIN - Vsw (tON) 
Ipk 


where VSW is the voltage drop across the switch in the 
on state. 
Conservatively, 
the worst case is about 0.75V 


Preset/Adjustable 
Output CMOS 
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Output Filter Capacitor 


The MAX635/636/637's 
output ripple has 2 components 


which are 90' out of phase. 
One component 
results from 
the change 
in the stored charge 
on the filter capacitor 
with each 
LX pulse. 
The other 
is the product 
of the 


capacitor's 
charge-discharge 
current and its Equivalent 


_____________________________ 
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max, 0.25V min with VIN = + 15V and 1.5V max, 0.5V min 
with VIN = +5V. 


Example: 
A +5V 10% input must be converted 
to -12V 
at 12mA. 
A Schottky 
diode (1N5817) 
and a MAX636A 
are used. 


Calculate the maximum inductor value allowed: 


12V - OAV 


Ipk= (0.25)(4.5V-1.5V) 
(12mA)= 
198mA 


L=4.5V-1.5V(9 
)=136 
H 


198mA 
~s 
~ 


Calculate the minimum inductor value allowed: 


Ipk = 525mA (from table of max ratings; 
use the power 


MOSFET max ratings for external transistor 
circuits.) 


L = 5.5V - 0.5V (11 
) = 105 H 


525mA 
~s 
~ 


A value 
of 
120~H 
would 
be a good 
choice 
for this 
application. 


Ipk must also be compared 
to the current rating of the LX 


switch. 
If Ipk exceeds 
the peak current 
rating of the 
switch (525mA), 
an external 
MOSFET or transistor 
with 
an adequate 
current rating must be used (see Medium 


Power Inverters). 


The coil resistance 
has a significant 
effect on the output 
current; 
a coil with a low resistance 
will increase 
the 


output 
current 
and 
overall 
efficiency. 
The 
inductor 


7 
VREF 


8 
VF8 
I1~F 


N.C. 
2 


0.47~F 
1000 F 
CERAMIC~ 
~ 


should have a powdered 
iron or ferrite core and should 
have a resistance 
less than 0.5Q. 


Medium Power Inverters 


In the circuit of Figure 4, the MAX626 MOSFET driver is 
used to convert 
the open drain 
LX output 
to a signal 
suitable 
for driving 
the gate of an external 
P-Channel 


MOSFET. 
The IRF9541 has a gate threshold 
voltage of 
2V to 4V so it will have a relatively high resistance if driven 
with only 5V of gate drive. 
To increase 
the gate drive 
voltage, 
and thereby 
increase 
efficiency, 
the negative 
supply 
pin of the CMOS 
inverter 
is connected 
to the 


negative output rather than to the ground. 
Once the circuit 


is started, the gate drive swings from +5V to -VOUT. 


At start-up, the voltage at -VOUT is one Schottky diode 
drop 
above 
ground, 
and the gate drive to the power 


MOSFET is slightly less than 5V. The output should be 
only lightly loaded 
to ensure start-up, 
since the output 


power capability 
of the circuit is very low until -VOUT is a 
couple 
of volts negative. 
(See Table 3 for component 


values for L2 and IC1.) 
• 


Table 3. Component Selector for Medium 


Power Inverters (Figure 4) 


V'N 
·VOUT 
lOUT 
EFFICIENCY 
IC1 
L1 


5V 
-5V 
400mA 
70% 
MAX635 
27J.lH 


5V 
-5V 
500mA 
64% 
MAX635 
18J.lH 


5V 
-12V 
150mA 
75% 
MAX636 
27J.lH 


5V 
-12V 
200mA 
70% 
MAX636 
18J.lH 


Notes: 
18~H Coil = Caddell-Burn's 
(Mineola, NY) Model 
6860-04. 
27~H Coil = Caddell-Burn's 
Model 6860-06. 


Extemal Diode 


In most 
DC-DC 
converter 
circuits, 
the current 
in the 


'catch" 
diode (Figure 2,01) 
abruptly 
goes from zero to 
its peak value each time the MOSFET at LX switches off. 
To avoid excessive 
losses, the diode must have a fast 
turn-on time. 
For low power circuits with peak currents 


less than 1OOmA,signal diodes such as 1N4148s perform 
well. 
For higher current 
circuits, 
or for maximum 
effi- 
ciency 
at low power, 
the 
1N5817 
series 
of Schottky 
diodes are recommended. 
Although 
1N4001 s and other 
general 
purpose 
rectifiers 
are rated for high currents, 


they are unacceptable 
because 
their slow turn-on time 
results in excessive 
losses. 
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Series Resistance 
(ESR). With low-cost aluminum elec- 
trolytic 
capacitors, 
the ESR produced 
ripple 
is often 
larger than that caused 
by the change 
in charge. 
Con- 


sequently, high quality aluminum or tantalum filter capac- 
itors 
will 
minimize 
output 
ripple, 
even 
if smaller 
capacitance 
values are used. 
Best results at reasonable 
cost are typically 
achieved 
with a high quality aluminum 
electrolytic, 
in the 100JlF to 500JlF range, in parallel with 
a 0.1 JlF ceramic capacitor. 
________ 
Application Hints 


Inductor 
Saturation 


When using off-the-shelf 
inductors, 
make sure that their 
peak current rating is observed. 
When designing 
your 
own inductors, observe the core manufacturer's 
Ampere- 
turns on NI ratings. 
Failure to observe the peak current 
or NI ratings 
may 
lead to saturation 
of the inductor, 
especially 
in circuits 
with external boosting 
transistors. 


Inductor 
saturation 
leads 
to very 
high 
current 
levels 


through the power switching 
device 
causing 
excessive 


power 
dissipation, 
poor efficiency, 
and possible 
dam- 


age. 


Test for saturation by applying the maximum load and the 
maximum input voltage while monitoring the inductor cur- 
rent with a current probe. 
The normal inductor 
current 
waveform is a sawtooth with a linear current ramp. 
Satu- 


ration creates 
a nonlinear current waveform 
with a very 


rapid increase in current once the inductor saturates. 


PAR,.. 
TEMP. RANGE 
PIN - PACKAGE 


MAX637XCPA 
o'C to +70'C 
8 Plastic DIP 


MAX637XCSA 
O'C to +70'.c 
8 Narrow SO 


MAX637XCJA 
O'C to +70'C 
8CERDIP 


MAX637XC/D 
O'C to +70'C 
Dice 


MAX637XEPA 
-40'C to +85'C 
8 Plastic DIP 


MAX637XESA 
-40'C to +85'C 
8 Narrow SO 


MAX637XEJA 
-40'C to +85'C 
8CERDIP 


MAX637XMJA 
-55'C to + 125'C 
8CERDIP 


Bypassing and Compensation 


The high current pulses in the LX output and the external 
inductor 
can 
cause 
erratic 
operation 
unless 
the 


MAX635/636/637 
is properly 
bypassed. 
Connect 
a 


10mF bypass 
capacitor 
directly 
across the device 
be- 


tween +VS and GND to minimize the inductance 
and high 
frequency 
impedance 
of the power source. 
Also make 
sure that the high 
current 
ground 
return 
path 
of the 


inductor does not cause a voltage drop in the regulator's 
ground line. 


The reference voltage output, VREF, should be bypassed 
to ground with a 0.1 JlF capacitor. 
Avoid coupling 
to the 


high current 
path that includes 
the LX output 
and the 


inductor ground return. 


When the value of the voltage setting resistors (R3 and 
R4, Figure 3) exceed 50kn, stray capacitance 
at the VFB 
input can add a "lag" to the feedback 
response causing 


output 
pulses to occur 
in bursts. 
This increases 
low- 


frequency 
ripple and lowers efficiency. 
This problem can 


often be avoided 
by minimizing 
lead lengths and circuit 


board trace size at the VFB node. 
Normal operation with 
evenly 
distributed 
output 
pulses 
can 
be restored 
by 


adding a 'lead" compensation 
capacitor 
(100pF to 10nF) 


in parallel with R3. 


0.070" 


(1.78mm)L 


I 


'Vs 


+·------(2~j~~~) 
------- 


~III~JXI~III 


+SV/Adjustable CMOS Step-Down 


Switching Regulator 


_______ 
General Description 


The MAX638 step-down 
switching 
regulator is designed 
for minimum component, 
low power, DC-DC conversion. 


Typical applications 
require only a small, low-cost induc- 


tor, an output filter capacitor, 
and a catch diode. 
Low 
battery detection 
circuitry 
is included 
on chip. 


Though most simply used as a fixed +5V output regulator, 
the MAX638 can be set for other voltages 
by adding 
2 
resistors. 


Maxim manufactures 
a broad line of step-up, step-down, 


and inverting 
DC-DC converters, 
with features such as 
logic-level 
shutdown, 
adjustable 
oscillator 
frequency, 


and external MOSFET drive. 


__________ 
Applications 


Efficient DC-DC Step-Down 
Regulation 


Linear Voltage Regulator Replacement 


+ 12V to +5V Conversion 


Battery Life Extension 


Portable Instruments 


• 
Fixed +5V Output 


• 
Adjustable 
Output with 2 Resistors 


• 
Low Operating Current 


• 
85% Typ Efficiency 


• 
8-Pin Plastic DIP and Narrow SO Packages 


• 
3 External Components 


• 
Low Battery Detector 


PART' 
TEMP. RANGE 
PIN·PACKAGE 


MAX638XCPA 
O"C to +70·C 
8 Plastic DIP 


MAX638XCSA 
O·Cto +70·C 
8 Narrow SO 


MAX638XC/D 
O·Cto +70·C 
Dice 


MAX638XEPA 
-40·C to +85·C 
8 Plastic DIP 


MAX638XESA 
-40·C to +85·C 
8 Narrow SO 


MAX638XEJA 
-40·C to +85·C 
8 CERDIP 


MAX638XMJA 
-55·C to + 125·C 
8CERDIP 


N!AXIN! 
is a registered 
trademark 
of Maxim Integrated 
Products. 


Dual Mode is a trademark 
of Maxim Integrated 
Products. 
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ABSOLUTE MAXIMUM RATINGS 


+18V 
+18V 
+vs 


.... 
-0.3V to (+vs 
+ 0.3V) 


.s2smAPeak 


..... 
SOmA 


Storage Temperature 
Lead Temperature 
(Soldering, 
10 sec.) 
Power Dissipation 


Plastic DIP (derate 8.33mWrC above +SO"C) 
62smW 


Small Outline (derate 6mWrC above +SO"C) 
4s0mW 


CERDIP (derate 8mWrC above +sO"C) 
800mW 


Supply Voltage, 
+Vs 
Output Voltage, Lx . 
Output Voltage, LBO 
Input Voltage, LBO, LBI, VFB, COMP 
Lx Output Current 
LBO Output Current 
Operating 
Temperature 
MAX638C. 
. 
"...... 
. 
O"C to + 70"C 
MAX638E 
. . 
. 
, .. . . . 
. .. -40"C to +8S"C 
MAX638M 
-ss"C to +12s"C 


Stresses 
beyond 
those listed under 
-Absolute 
Maximum 
Ratings' 
may cause 
permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functional 
operation 
of the device 
at these or any other conditions 
beyond 
those indicated 
in the operational 
sections 
of the specifications 
is not implied 
Exposure 
to 


absolute 
maximum 
rating conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL CHARACTERISTICS 
(+Vs; 
+ 12V, TA ; +2S"C, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Over Temperature 
Supply Voltage 
+Vs 
VOUT; 
+sV 
5 
165 
V 


Adjustable 
mode 
2.2 
16.5 


Supply Current 
IS 
TA; 
+2s"C 
135 
IlA 
Over Temperature 
180 
600 


Reference Voltage (Internal) 
TA; 
+2S"C 
128 
1.31 
1.34 
V 
Over Temperature 
1.24 
1.38 


VOUT Voltage (Note 1) 
No Load, VFB ; GND, 
638A 
475 
5.0 
525 
V 
Over Temperature 
638B 
45 
5.0 
5.5 


Efficiency 
85 
% 


Line Regulation 
(Note 1) 
+1OV < +VS < +1SV 
0.2 
% VOUT 


Load Regulation 
(Note 1) 
POUT; 
OmW to 1s0mW 
0.2 
% VOUT 


Oscillator 
Frequency 
fo 
65 
kHz 


Oscillator 
Duty Cycle 
50 
% 


Lx ON Resistance 
RON 
Ix; 
100mA 
6 
12 
Q 


Vs; 
OV 


Lx Leakage Current 
IXL 
TA; 
+2S"C 
0.01 
10 
IlA 
Over Temperature 
30 


VFB Input Bias Current 
IFB 
0.01 
10 
nA 


Low Battery Input Threshold 
VLBI 
1.31 
V 


Low Battery Input 
ILBI 
0.01 
10 
nA 
Bias Current 


V2; 
+OAV, V3; 
+1.1V 


Low Battery Output Current 
ILBO 
TA; 
+2s"C 
1.0 
mA 
Over Temperature 
0.5 


Low Battery Output 
ILBOL 
V2; 
+VS, V3; 
+1AV 
0.01 
30 
IlA 
Leakage Current 
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PIN 
NAME 
FUNCTION 


1 
VOUT 
The sense INPUT for fixed +5V output opera- 
tion, VOUT, is internally connected 
to the 


on-chip 
voltage divider. 
Althout 
it is con- 
nected to the output of the DC- 
C converter 


(Figure 2), the VOUT pin does not supply 
current, LX does. 


2 
LBO 
Low Battery Detector Output. 
An open drain 
N-channel 
MOSFET which sinks current 


when the voltage at LBI is below + 1.31V. 


3 
LBI 
Low Battery Detector 
Input. 
When the 
voltage at LBI is lower than the Low Battery 
Detector threshold 
(+ 1.31V), LBO sinks 


current. 


4 
GND 
Ground 


PIN 
NAME 
FUNCTION 


5 
LX 
This pin drives the external inductor 
with an 
internal P-channel 
power MOSFET. 
LX has 


an output resistance 
of typically 
60 and a 


peak current rating of 525mA 


6 
+VS 
The input voltage, from VOUT to + 16.5V. 


7 
VFB 
When VFB is grounded, 
the DC-DC con- 
verter output will be +5V. When an external 
voltage divider is connected 
from VOUT to 


VFB, this pin becomes 
the feedback 
input 


for adjustable 
output operation. 


8 
COMP 
The Compensation 
input is connected 
to the 


internal voltage divider which sets the fixed 
voltage output. 
It is normally left unconnec- 
ted.ln some circuit board layouts, a lead 
compensation 
capacitor 
(1OOpFto 10nF) 
connected 
between VOUT and COMP re- 
duces low-frequency 
ripple and improves 


transient 
response. 


y+ J +5Y - 


r\. 


r---.. 


...•.•• •......... - 
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______ 
Detailed Description 


Basic Operation 


Figure 1 shows a simplified step-down 
DC-DC converter. 


When the switch closes, a charging current flows through 
the inductor creating a magnetic field. (This current flows 
into the filter capacitor and load as welL) When the switch 
opens, the current continues to flow through the inductor 
in the same direction 
as the charging 
current. 
But since 
the switch is now open, the current must flow through the 
diode. 
With the switch open, the inductor alone supplies 
current to the load. 
This current linearly decays to zero 
as the magnetic field collapses and the energy in the core 
of the inductor 
is transferred 
to the filter capacitor 
and 
load. 


Figure 2 shows a block diagram 
of the MAX638 and a 
typical connection 
in which a +9V input is converted 
to a 
+5V output with 85% efficiency 
When the output drops 
below 
+5V, the 
Error Comparator 
switches 
high 
and 


connects 
the internal 65kHz oscillator to the gate of the 
LX output 
driver. 
LX turns on and off at the clock fre- 


quency, charging 
and discharging 
the inductor and sup- 


plying current to the output as described 
above. 
When 
the output voltage 
reaches +5V, the comparator 
output 
goes low and the inductor is no longer pulsed. 


+1.31V 


BANDGAP 
REFERENCE 


Basic Step·Down 
Circuit. 


Table 1 shows nominal inductor parameters 
for a variety 


of input voltages. 
The data refers to the circuit of Fig- 


ure 3. 


Output Driver (LX Pin} 


A large 
P-channel 
MOSFET with an on resistance 
of 
approximately 
60 
is used to charge 
the inductor. 
It is 


internally 
connected 
between 
+Vs and LX and has a 
peak 
current 
rating 
of 525mA. 
The available 
output 
current for most applications 
will be less than the peak 
current rating. 
A good rule of thumb for MAX638 maxi- 


mum output current is: 


4 lOUT < 525mA, assuming VIN ::: 2 VOUT 


~ 
L 
+ 


t-_V1N =0"_0_fI' 


Figure 2. MAX638 Block Diagram and Typical Circuit 
4-88 
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MAXIM 
VIN 
VOUT 
lOUT 
TYP EFF 
Ipk 
PART NO.' 
INDUCTOR 
(L) 


PART NO. 
(V) 
(V) 
(mA) 
("!o) 
(mA) 
J.lH 
Q 


MAX638 
7-9.5 
5 
35 
92 
200 
7070-27 
150 
0.4 


8-95 
5 
55 
89 
200 
7070-27 
150 
0.4 


10-14 
5 
50 
92 
300 
7070-30 
270 
06 


12 
5 
60 
92 
250 
7070-30 
270 
06 


12 
5 
75 
89 
300 
7070-28 
180 
0.5 


• Caddell-Burns, 
NY, (516) 746-2310 


Fixed or Adjustable 
Output 


For operation 
at the preset +5V output voltage, 
VFB is 


connected 
to GND. 
and 
no external 
resistors 
are re- 
quired. 
For other output 
voltages. 
an external 
voltage 
divider is connected 
to VFB as shown in Figure 4. 
The 
output is set by R3 and R4 as follows: 


Let R4 be any resistance 
in the 10kn to 10Mn 
range, 
typically 
100kn. then: 


R3 = R4 (VOUT -1) 
1.31V 


Low Battery Detector 


The Low Battery Detector 
compares 
the voltage on the 
Low Battery Input (LBI) with the internal + 1.31V bandgap 
reference. 
The Low Battery Detector Output (LBO) goes 
low whenever the input voltage at LBI is less than + 1.31V. 
The Low Battery detection 
voltage is set by resistors, R1 
and R2 (Figure 2). 


Figure 3. Typical Operating 
Circuit (Table 1) 


/~I/JXI/~I 


Let R2 be any resistance 
in the 10kn to 10Mn 
range, 


typically 
100kn, then: 


VLB 
(VLB is the desired Low 


R1 = R2 (1.31V -1) 
Battery detection 
voltage) 


____ 
What Value of Inductor? 


A General Discussion 


The converter 
in this data sheet operates by charging an 
inductor 
from 
a DC input, 
and 
then 
discharging 
the 


inductor to generate a DC output less than the input. 


The proper inductor 
for any DC-DC converter 
depends 


on three 
things: 
the desired 
output 
power. 
the 
input 
voltage 
(or input voltage 
range), 
and 
the converter's 
__ 


oscillator frequency and duty cycle. 
The oscillator timing 
••• 
is important 
because 
it determines 
how long the coil will 
be charged 
during each cycle. 
This and the input volt- 
age determines 
how much energy will be stored in the 
coil. 


+VIN 


+Vs 
LX 
lN5817 


lO11IT: 


VOUT 
N.C 
220llH 


AIIAX ••••• 
+8V 


MAX638 
VOUT 


COMP 
N.C. 
R3 
510kn 


GNO 
VFB 


R4 


100kn 


+5V/Adjustable CMOS Step-Down 
Switching Regulator 


The inductor must meet four electrical 
criteria: 


[] 
Value- 
Low enough 
inductance 
so it stores ade- 
quate energy at the worst-case, 
low input voltage. 


High enough 
so excessive 
and potentially 
destructive 


currents 
are avoided 
under worst-case 
high conditions 


for power-switch transistor on time and high input voltage. 


[] 
Saturation- 
The coil must deliver the correct induc- 


tance value at the worst-case, 
high peak operating 
cur- 
rent. 


[] 
EMI- 
Electromagnetic 
interference 
must not upset 
nearby circuitry or the regulator IC. Ferrite bobbin types 
work well for most digital circuits; toroids or pot cores work 
well for EMI-sensitive 
analog circuits. 


[] 
DC resistance- 
Winding 
resistance 
must be ade- 


quately low so efficiency 
is not affected and self-heating 
does not occur. 
Values less than 2n are usually more 
than adequate. 


Other inductor parameters, 
such as core loss or self-res- 


onant frequency, 
are not a factor 
at the relatively 
low 
MAX638 operating 
frequency. 


Inductor Value- Low Enough? 


The problem that bites designs most often, especially 
in 
the production 
or pre-production 
phase, happens 
when 
the inductor value is too high. 
These units fail to deliver 
enough 
load current 
and exhibit 
poor load regulation. 
The worst case is: 


[] 
Maximum load current 
[] 
Minimum supply voltage 
[] 
Maximum inductor value, including 
tolerance 
[] 
Maximum on resistance of the switch because 
it reduces the excitation voltage across the inductor 


[] 
Worst-case 
low on time 


Inductor Value- High Enough? 


The inductor value must be high enough so peak currents 
do not stress the transistor or cause the inductor core to 
saturate. 
Odd 
symptoms 
can be traced 
to excessive 
inductor currents: 
low efficiency, rattling heat sinks, whin- 
ing coils, and increased 
output ripple. 
Very low inductor 


values can result in damaged 
power transistors. 


The slope of the inductor current, and therefore the peak 
value that it reaches in a given on time, is determined 
by 
the supply 
voltage 
and the inductor 
value. 
The worst 


case occurs at: 


[] 
Maximum supply voltage 


[] 
Minimum inductor value, including tolerance 
[] 
Minimum on resistance of the switch 
[] 
Low switching frequency 
(or maximum switch on- 
time) 


Inductor Selection 


The inductor equations below must be calculated 
for both 
worst-case 
sets of conditions. 
The final value chosen 
should 
be between 
the minimum 
value and maximum 
value calculated. 
Within these bounds, the value can be 
adjusted 
slightly lower for extra load capability 
or higher 


for low ripple. 


4 lOUT 


[1] 
Ipk = VIN -Vsw -VOUT 
-------+1 
VOUT -VOIOOE 


VIN -Vsw 
-VOUT 
[2] 
L = 
I 
(tON) 


pk 


where Vsw is the voltage 
drop across the switch in the 
on state. 
Conservatively, 
the worst case is about 0.7SV 
max, 0.2SV min with VIN = + 1SV and 1.SV max, O.SVmin 
with VIN = +Sv. 


Example: 
A + 12V 10% input must be converted 
to +SV 
at SOmA. A Schottky 
diode 
(1NS817) and a 


MAX638B are used. 


Calculate the maximum inductor value allowed: 


(4) (SOmA) 


Ipk = 10.8V - O.7SV - SV 
= 9SmA 


SV _ OAV 
+ 1 


L = 10.8V - 0.7SV - SV (6 
) = 319 
H 
9SmA 
Ils 
Il 


Calculate the minimum inductor value allowed: 


Ipk = S2SmA (from table of max ratings) 


L = 13.2V ~2~';~V - SV (9.2Ils) = 1391lH 


The standard value of 270llH would be a good choice for 
this application. 
The "A" grade devices, 
with tighter os- 
cillator tolerance, 
allow more output current 
in a given 
application. 


Output Filter Capacitor 


The MAX638's output ripple has 2 components 
which are 
90' 
out-of-phase. 
One 
component 
results 
from 
the 
change 
in the stored charge 
on the filter capacitor 
with 
each LX pulse. The other is the product of the capacitor's 
charge-discharge 
current and its Equivalent 
Series Re- 
sistance (ESR). With low-cost aluminum electrolytic 
ca- 
pacitors, the ESR produced 
ripple is often larger than that 
caused 
by the change 
in charge. 
Consequently, 
high- 
quality aluminum 
or tantalum filter capacitors 
will mini- 
mize output ripple, even if smaller capacitance 
values 
are used. 
Best results 
at a reasonable 
cost 
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are typically achieved with a high-quality 
aluminum elec- 
trolytic, 
in the 100l!F to 500l!F range, in parallel with a 


0.11!F ceramic capacitor. 


Table 2. Coil and Core Manufacturers 


(Note 2) 


MANUFACTURER 
TYPICAL 
PART # 
DESCRIPTION 


ASIA 


TDK Corporation 
13-1,Nihonbashi 1-ehome 
Chuo-ku 
Tokyo 103Japan 


EUROPE 


RichardJahre GmbH 
Luetzowstrasse90 
1000Berlin30 Germany 


BOBBIN INDUCTORS 


Dale 
IHA-l04 
500~H,050 


Caddell-Burns 
7070-29 
220~H,0.550 


Gowanda 
lB253 
250~H,0.440 


UTC 
LL-5oo 
5OO~H,0.750 


POTTED TOROIDAL 
INDUCTORS 


Dale 
TE-3Q4TA 
lmH,O.820 


UTC 
MH-l 
6OO~H,1.90 


Gowanda 
050ATloo3 
loo~H, 0.050 


FERRITE 
CORES AND TOROIDS 
(Nole 3) 


Siemens 
B64290-K38-X38 
Tor. Core,4~HfT2 


Magnetics 
555.130 
Tor. Core, 
53nHfT2 


Stackpole 
57-3215 
PotCore, 
14mmx8mm 


Magnetics 
G-41408-25 
PotCore, 
14x 8, 250nHfT2 


Nole 2: This list does not constitutean endorsementby Maxim 
Integrated Productsand is not intended to be a comp- 
rehensivelistof all manufacturesof these components. 


Nole 3: PermagCorp. is a distributor for many of the listed core 
and toroid manufacturers(516)822-3311. 


Extemal Diode 


In most MAX638 circuits, the current in the external diode 
(D1, Figure 2) abruptly 
goes from zero to its peak value 


each time LX switches off. To avoid excessive losses, the 
diode 
must have a fast turn-on 
time. 
For low-power 


circuits 
with peak currents 
less than 100mA, signal di- 


odes such as 1N4148s perform well. 
For higher power 
circuits, 
or for maximum 
efficiency 
at low power, the 
1N5817 series of Schottky 
diodes 
are recommended. 


Although 
1N4001 s and other general purpose 
rectifiers 
=- 
are rated for high currents, 
they are unacceptable 
be- 
~ 
cause their slow turn-on time results in excessive 
losses, 
". 
_______ 
Application Hints 
~ 


Inductor Saturation 
Ci) 


When using off-the-shelf 
inductors, 
make sure that their 
Q) 
peak current rating is observed. 
When designing 
your 


own inductors, observe the core manufacturer's 
Ampere- 
turns or NI ratings. 
Failure to observe the peak current 
or NI ratings 
may 
lead to saturation 
of the 
inductor, 


especially 
in circuits with external boost transistors. 
In- 


ductor saturation leads to very high current levels through 
the power 
switching 
device 
causing 
excessive 
power 


dissipation, 
poor efficiency, and possible damage. 


Test for saturation by applying the maximum load and the 
maximum 
input voltage 
while 
monitoring 
the inductor 
current with a current probe. The normal inductor current 
waveform 
is a saW100th with a linear current ramp. 
Sat- 


uration creates a nonlinear current waveform with a very 
rapid increase in current once the inductor saturates. 


Bypassing and Compensation 


Since the inductor 
charge 
and discharge 
currents 
can 


be relatively 
large, 
high currents 
may flow 
in ground 
connections 
near the MAX638. 
To prevent 
unwanted 


feedback, 
the impedance 
of the ground path must be as 
__ 
low as possible, and power-supply 
bypassing 
should be 
.,. 
used. A 10l!F aluminum electrolytic 
placed at the device 


pins is recommended. 


When the value of the voltage setting resistors (R3 and 
R4, Figure 4) exceed 50kn, stray capacitance 
at the VFB 
input can add a ·Iag· to the feedback 
response, increas- 


ing low-frequency 
ripple 
and lowering 
efficiency. 
This 


problem can often be avoided by minimizing lead lengths 
and circuit board trace size at the VFB node. 
It can also 


be remedied by adding a "lead" compensation 
capacitor 
(100pF to 0.1 !!F) in parallel with R3. 
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_______ 
Chip Topography 


0.070" 


(1.78mm)L 


I· 


~III~JXI~III 
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_______ 
Genera' Description 


The MAX641/MAX642/MAX643 
step-up 
switching 
regu- 
lators 
are designed 
for minimum 
component 
DC-DC 


converter 
circuits in the 5mW to 10W range. 


Low-power 
applications 
require only an output filter ca- 
pacitor 
and a small, low-cost 
inductor. 
An additional 
MOSFET or bipolar transistor 
is needed 
for high-power 
applications. 
Low battery detection 
circuitry is included 
on chip. 


The MAX641/642/643 
are preset 
for +5V, + 12V, and 
+ 15V outputs, respectively. 
However, the regulators can 
be set to other 
levels by adding 
2 resistors. 
Maxim 
manufactures 
a broad 
line of step-up, 
step-down, 
and 
inverting DC-DC converters 
with features such as logic- 
level shutdown, 
adjustable 
oscillator frequency, 
and ex- 
ternal MOSFET drive. 
See Table 3 for a summary of other 
DC-DC converter 
products. 


__________ 
App'ications 


Simple, High-Efficiency 
DC-DC Converters 


Uninterruptible 
Board-Level 
Power Supplies 


Power Conditioning 
for Battery Systems 


Portable Instruments and Communications 


___________ 
Features 


• 
Fixed +5V, +12V, +15V Output Voltages 


• 
Adjustable Output with 2 Resistors 


• 
On-Chip Driver for High-Power 
External MOSFET 


• 
135llA Typ Operating Current 


• 
80% Typ Efficiency 


• 
8-Pin Narrow DIP and Narrow SO Packages 


PART" 
TEMP. RANGE 
PIN·PACKAGE 


MAX641XCPA 
O"C to +70"C 
8 Plastic DIP 


MAX641XCSA 
O"C to +70"C 
8 Narrow SO 


MAX641XC/D 
O"C to +70"C 
Dice 


MAX641XEPA 
-40"C to +8S"C 
8 Plastic DIP 


MAX641XESA 
-40"C to +8S"C 
8 Narrow SO 


MAX641XEJA 
-40"C to +8S"C 
8CERDIP 


MAX641XMJA 
-SS"C to + 12S"C 
8 CERDIP 


MAX642XCPA 
0" to +70"C 
8 Plastic DIP 


MAX642XCSA 
0" to +70"C 
8 Narrow SO 


MAX642XC/D 
0" to +70"C 
Dice 


MAX642XEPA 
-40"C to +8S"C 
8 Plastic DIP 


MAX642XESA 
-40"C to +8S"C 
8 Narrow SO 


MAX642XEJA 
-40"C to +8S"C 
8 CERDIP 


MAX642XMJA 
-SS"Cto 
+12S"C 
8 CERDIP 


+3V -=-1 


A'lAXUM 


MAX641 


VOUT 


VFB 


7 


Nt/IX'/V' 
is a registered trademark 
of Maxim Integrated 
Products. 
Dual Mode is a trademark 
of Maxim Integrated 
Products 
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ABSOLUTE MAXIMUM RATINGS 


SupplyVoltage,VOUT. 
. 
+18V 
Output Voltage, LX and LBO 
.. 
+ 18V 
Input Voltage, LBI, LBO, VFB, COMPo . -0.3V to (+VOUT + 0.3V) 
LX Output Current 
. . . . . . . . . . . 4S0mA Peak 


LBO Output Current 
. 
. 
SOmA 
Power Dissipation 
Plastic DIP (derate 8.33mWrC 
above +SO'C) 
Small Outline (derate 6mWrC above +SO'C) 
. 
CERDIP (derate 8mWrC above +SO'C) 
. 


Operating 
Temperature 
MAX64 __ 
C 
O·C to +70'C 
MAX64 __ 
E 
-40'Ct08S'C 
MAX64 __ 
M . 
. -SS'C to 12S'C 


Storage Temperature 
-6S'C to +160'C 
Lead Temperature 
(Soldering, 
10 sec.) 
, 
+300'C 
62SmW 
4S0mW 
800mW 


Stresses 
beyond 
those listed under 
-Absolute 
Maximum 
Ratings· 
may cause 
permanent 
damage 
to the device. 
These are stress ratings 
only, and functional 
operation 
of the device 
at these 
or any other conditions 
beyond 
those indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL CHARACTERISTICS 
(TA = +2S'C, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Operating 
Voltage 
+VS 
Voltage at VOUT 
2.0 
16.5 
V 
Over Temperature 


Voltage at VOUT 
Start-up Voltage 
+VS 
TA = +2S'C 
1.5 
1.3 
V 
Over Temperature 
1.8 


LX Off, Over Temperature 


Supply Current 
IS 
VOUT = +SV 
0.135 
0.4 
mA 
VOUT = +12V 
0.5 
2.0 
VOUT = +lSV 
0.75 
2.5 


Reference Voltage (Internal) 
VREF 
TA = +2S'C 
1.24 
1.31 
1.38 
V 
Over Temperature 
1.20 
1.42 


No Load, VFB = GND, 
Over Temperature 


MAX641 A 


}S% 
Output 
4.75 
5.0 
5.25 


VOUT Voltage (Note 1) 
MAX642A 
11.4 
12.0 
12.6 
MAX643A 
Accuracy 
14.25 
15.0 
15.75 
V 


MAX641B 
} 
10% Output 
4.5 
5.0 
5.5 
MAX642B 
10.8 
12.0 
13.2 


MAX643B 
Accuracy 
13.5 
15.0 
16.5 


Efficiency 
With External MOSFET 
80 
% 


Line Regulation 
(Note 1) 
O.SVOUT < +VS < VOUT 
0.08 
%VOUT 


Load Regulation 
(Note 1) 
+VS = O.SVOUT, 
0.2 
%VOUT 
POUT = OmW to lS0mW 
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ELECTRICAL CHARACTERISTICS 
(continued) 


(TA = +25"C, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


VOUT = +5V 
MAX641A 
40 
45 
50 
MAX641B 
375 
45 
56.5 


VOUT = +12V 


Oscillator 
Frequency 
fa 
MAX642A 
45.5 
50 
56 
kHz 
MAX642B 
42 
50 
62.5 


VOUT = +15V 
MAX643A 
45.5 
50 
56 
MAX643B 
42 
50 
625 


Oscillator 
Frequency 
Tempco 
-60 
HztC 


MAX641 , VOUT = +5V 
40 
50 
60 


Oscillator 
Duty Cycle 
MAX642, VOUT = +12V 
40 
50 
60 
% 


MAX643, VOUT = + 15V 
40 
50 
60 


EXT Output Resistance 
VOUT = +5V, lOUT = ±10mA 
140 
n 
VOUT = + 15V, lOUT = ±30mA 
90 


CL = 330pF 


EXT Switching 
Time 
tON, tOFF 
VOUT = +5V 
160 
ns 
VOUT = +15V 
125 


LX On Resistance 
RON 
Ix = 100mA, VOUT = +5V 
6 
12 
n 
VOUT = +15V 
3.5 
7 


V4 = +16.5V 


LX Leakage Current 
IXL 
TA = +25"C 
0.01 
1.0 
~ 
Over Temperature 
(C,E) 
30 
Over Temperature 
(M) 
100 


Diode Forward Voltage 
VF 
IF = 100mA 
10 
V 


VFB Input Bias Current 
IFB 
0.01 
10 
nA 


Low Battery Threshold 
VLBI 
1.31 
V 


Low Battery Input 
ILBI 
0.01 
10 
nA 
Bias Current 


V2 = +OAV, Vl = +1.1V 


Low Battery Output Current 
ILBO 
TA = +25"C 
1.0 
mA 
Over Temperature 
0.5 


Low Battery Output 
ILBOL 
V2 = +16.5V, Vl = +lAV 
0.01 
3.0 
~ 
Leakage Current 
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PIN 
NAME 
FUNCTION 


1 
LBI 
Low Battery Input. 
When the voltage at LBI 


is lower than the Low Battery Detector thresh- 
old (+ 1.31V), LBO sinks current. 


2 
LBO 
The Low Battery Detector 
Output is an open 
drain N-channel 
MOSFETwhich 
sinks cur- 


rent when the LBI is below + 1.31V. 


3 
GND 
Ground 


4 
LX 
In low-power 
applications, 
LX drives the ex- 
ternal inductor 
with an internal N-channel 
power MOSFET. 
LX has a typical output re- 
sistance of 60 and a peak current rating of 
450mA. 


5 
VOUT 
The regulated 
DC-DC converter 
output when 
the internal MOSFET and catch diode are 
used. 
When an external diode is used, this 
pin becomes 
the supply voltage input pin 
and is usually connected 
to the cathode 
of 
the external diode. 


PIN 
NAME 
FUNCTION 


6 
EXT 
The drive output for an external 
power 
MOSFET or bipolar transistor 
EXT swings 
from GND to VOUT and has approximately 
1000 sink/source 
impedance. 
EXT is low 


when LX is open circuit and high when LX 
is on. 


7 
VFB 
When VFB is grounded, 
the DC-DC con- 
verter output will be the factory preset value. 
When an external voltage 
divider is con- 


nected to VFB, this pin becomes 
the feed- 
back input for adjustable 
output operation. 


S 
COMP 
The Compensation 
input is connected 
to the 
internal voltage divider which sets the fixed 
voltage output. 
In some circuit board lay- 
outs, a lead compensation 
capacitor 
(100pF 
to 10nF) connected 
between VOUT and 
COMP reduces 
low-frequency 
ripple and im- 
proves transient response. 
Ground comp 
when using an External Voltage divider on 
VFB. 


fA ~ +25°C 


./ /" 


/ 
I 
I 
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______ 
Detailed 
Description 


Basic Operation 


The operation 
of the MAX641 series can best be under- 


stood by examining the regulating loop of Figure 1. When 
the output voltage drops below the preset (or externally 
set) value, the Error Comparator 
switches high and con- 


nects the internal 
45kHz 
Oscillator 
to the gate of the 


internal MOSFET and to the EXT output. 
EXT is typically 
connected 
to the gate of an external 
N-channel 
power 


MOSFET. 
When EXT is activated, 
the MOSFET turns on 
and off at the internal clock frequency. 


When EXT is high, the MOSFET switches 
on, and the 


inductor current increases 
linearly storing energy in the 


coil. 
When 
EXT switches 
the MOSFET off, the coil's 
magnetic 
field 
collapses, 
and the voltage 
across 
the 
inductor 
reverses sign. 
The voltage at the anode of the 
catch diode then rises until the diode is forward biased, 
delivering 
power to the output. 
As the output voltage 


reaches the desired 
level, the Error Comparator 
inhibits 


EXT until the load discharges 
the output filter capacitor 


to less than the desired output level. 


Though designed 
to power an external MOSFET or bipo- 
lar transistor, the MAX641 series will also work well in low- 
power 
applications 
«250mW) 
with 
its own 
internal 


MOSFET and catch diode. 
In these applications, 
the LX 
output does the current switching and an external capac- 
itor and inductor are all that are needed. 


V'N, Bootstrapped Operation 


The MAX641/642/643 
do not have a VIN pin. Input power 


to start the DC-DC converter 
is supplied 
via the external 


inductor (and diode, if used) to the VOUT pin. Once the 
converter 
has started, 
it is then powered 
from its own 
output. 
This design ensures that the output MOSFET will 
have maximum gate drive and, hence, a minimum RON. 
It also allows the converter to start at lower input voltages. 


V'N Greater Than VOUT 


If the regulator's 
input voltage 
is more than 1 forward 


diode drop greater than the desired 
output voltage, the 
EXT and LX outputs will not turn on, and the output will 
no longer be regulated. 
However, current will be sup- 
plied to the load directly through the catch diode. As long 
as the input is more than O.6V above the desired output, 


VIN 
VOUT +5V 


+3V 
47~H 
lN5817 
I 


C1 
DII 


47!J1lF 


LOW 
BAnERY 
OUTPUT 
Z 
6 
4 


LOWBAnERY 
LBO 
EXT 
LX 


Rl 
COMPARATOR 
CATCHOIOOE 
VOUT 
5 
1 
LBI 


RZ 
100kO 


CZ 
a 
l00pF 


"Z8ZkO 


COMP 
8 


100kO 


GND 
3 
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the output will equal the input voltage, 
less the forward 
drop of the catch diode. 


Fixed or Adjustable Output 


For operation 
at one of the preset output voltages 
(+5V 
for 
the 
MAX641, 
+12V 
for 
MAX642, 
and 
+15V 
for 
MAX643), 
VFB is connected 
to GND, and no external 
resistors are required. 


For other output voltages, a voltage divider is connected 
to VFB as shown in Figure 2. The output is set by R3 and 
R4 as follows: 


Let R4 be any 
resistance 
in the 10kn to 10Mn range, 
typically 
100kn, then: 


R3 = R4 (VOUT -1) 


1.31 


Low Battery Detector 


The Low Battery Detector 
compares 
the voltage on the 
Low Battery Input (LBI), with the internal + 1.31V bandgap 
reference. 
The Low Battery Detector Output (LBO) goes 


low whenever the input voltage at LBI is less than + 1.31V. 
The Low Battery threshold 
is set by resistors R1 and R2 


(Figure 1) 


Let R2 be any resistance 
in the 10kn to 10Mn range, 


typically 
100kn. 


R1 = R2 (VLB 
-1) 
(VLB is the desired Low 
1.31V 
Battery detection 
voltage) 
_____ 
What Value Of Inductor? 


A General Discussion 


The converters 
in this data sheet operate by charging 
an 


inductor from a DC input, then discharging 
the inductor 


to generate a DC output greater than the input. 


The proper 
inductor 
for any DC-DC converter 
depends 


on three 
things: 
the desired 
output 
power, 
the 
input 


voltage 
(or range of input voltage), 
and the converter's 
oscillator frequency 
and duty cycle. 
The oscillator timing 


is important 
because 
it determines 
how long the coil will 
be charged 
during each cycle. 
This, along with the input 


voltage, 
determines 
how much energy will be stored in 


thecoi!. 


The inductor must meet four electrical 
criteria: 


[l 
Value- 
Low enough 
inductance 
so it stores ade- 
quate energy at the worst-case, 
low input voltage. 


High enough 
so excessive 
and potentially 
destructive 


currents 
are avoided 
under worst-case 
high conditions 


for power-switch transistor on time and high input voltage. 


-=- 
VOUl> VIN 


6 


EXT 
LX 


your 


YOur 


A'lAXIAI'I 


MAX641 
R3 


MAX642 
MAX643 
VFB 


R4 
GNO 


3 


-=- 
-=- 


[l 
Saturation- 
The coil must deliver the correct induc- 
tance value at the worst-case, 
high peak operating 
cur- 
rent. 


[l 
EMI- 
Electromagnetic 
interference 
must not upset 
nearby circuitry or the regulator IC. Ferrite bobbin types 
work well for most digital 
circuits; 
toroids 
or pot cores 
work well for EMI-sensitive analog circuits. 


[l 
DC resistance- 
Winding 
resistance 
must be ade- 
quately low so efficiency 
is not affected and self-heating 
does not occur. 
Values less than O.5n are usually more 
than adequate. 


Other inductor parameters, 
such as core loss or self-res- 
onant frequency, 
are not a factor 
at the relatively 
low 
MAX641/642/643 
operating 
frequency. 


Inductor Value- Low Enough? 


The problem that bites designs most often, especially 
in 
the production 
or pre-prOduction 
phase, happens 
when 
the inductor value is too high. 
These units fail to deliver 
enough 
load current 
and exhibit 
poor load regulation. 


The worst case is: 


[l 
Maximum load current 
[l 
Minimum supply voltage 
[l 
Maximum inductor value, including 
tolerance 
[l 
Maximum on resistance of the switch because 
it reduces the excitation voltage across the inductor 
[l 
Worst-case 
low on time 
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Inductor Value- High Enough? 


The inductor value must be high enough so peak currents 
do not stress the transistor or cause the inductor core to 
saturate. 
Odd symptoms 
can be traced 
to excessive 


inductor 
currents: 
low efficiency, 
rattling 
heat sinks, 
whining 
coils, 
and increased 
output 
ripple. 
Very low 
inductor values may result in damaged 
power transistors. 


The slope of the inductor current, and therefore the peak 
value that it reaches in a given on time, is determined 
by 


the supply 
voltage 
and the inductor 
value. 
The worst 


case occurs at: 


[] 
Maximum supply voltage 
[] 
Minimum inductor value, including tolerance 
[] 
Minimum on resistance of the switch 
[] 
Low switching 
frequency 
(or maximum 
switch 
on 


time) 


Inductor Selection 


The inductor equations below must be calculated 
for both 


worst-case 
sets of conditions. 
The final value chosen 


should 
be between 
the minimum 
value and maximum 


value calculated. 
Within these bounds, the value can be 


adjusted 
slightly lower for extra load capability 
or higher 


for lowest ripple. 


VOUT +VOIOOE-VIN 
[1] 
Ipk = 
(0.25) (VIN -Vsw) 
(lOUT) 


[2] 
L = VIN -Vsw 
(tON) 


Ipk 


Where Vsw is the voltage drop across the switch in the 
on state. 
Conservatively, 
the worst case is about 0.75V 
max, 0.25V min with VIN = + 15V and 1.5V max, 0.5V min 
with VIN = +5V. 


Example: 
A +5V 10% input must be converted 
to +15V 
at 15mA. 
A Schottky 
diode (1N5817) 
and a 
MAX643B 
are used. 


Calculate 
maximum inductor value allowed: 


I 
- 
15V+0.4V-4.5V 
(15 
A)- 


pk - (0.25) (4.5V _ 0.75V) 
m 
- 174mA 


L = 4.5 - 0.75 (8 
) = 172 H 
174mA 
~s 
~ 


Calculate the minimum inductor value allowed: 


Ipk = 450mA (from table of max ratings; use the power 
MOSFET max ratings for external transistor 
circuits) 


L = 5.5V -0.25V 
(12 
) = 140 H 


450mA 
~s 
~ 


A value 
of 
160~H would 
be a good 
choice 
for this 


application. 
The "A" grade devices, with tighter oscillator 
tolerance, 
allow more output current in a given applica- 
tion. 
_______ 
Application Hints 


External MOSFET 


An external MOSFET or transistor 
can be used to drive 


the inductor 
in high-power 
applications. 
The current 


handling 
specifications 
of the device 
must match 
the 


peak current which flows in the inductor 
(see Inductor 


Selection). 
The only restriction on the size of the external 
driver is that the EXT output must be able to drive the 
external device's gate (or base) capacitance 
at the inter- 


nal clock rate (45kHz). 
An external driver may be used 
to 
increase 
operating 
voltage 
range 
of 
the 


MAX641/642/643. 


Table 2 contains a list of MOSFETs and their manufactur- 
ers. 
Logic 
level MOSFETs should 
be used when the 


supply voltage is less than +5V. 
Refer to Figures 4 and 


5 for circuits requiring external MOSFETs. 


Output Filter Capacitor 


The MAX641/642/643 
output 
ripple 
has 2 components 


which are 90' out of phase. 
One component 
results from 


the change 
in the stored charge 
on the filter capacitor 


with each 
LX pulse. 
The other 
is the product 
of the 


capacitor's 
charge-discharge 
current and its Equivalent 


Series Resistance (ESR). With low-cost aluminum 
elec- 


trolytic 
capacitors, 
the 
ESR produced 
ripple 
is often 


larger than that caused by the change 
in charge. 
Con- 
sequently, high-quality 
aluminum or tantalum filter capac- 
itors 
will 
minimize 
output 
ripple, 
even 
if smaller 


capacitance 
values are used. 
Best results at a reason- 


able cost are typically 
achieved 
with a high-quality 
alu- 


minum 
electrolytic, 
in the 
100~F to 500~F 
range, 
in 
parallel with a 0.11lF ceramic capacitor. 


Diodes 


When the MAX641/642/643 
are used with an external 


power 
MOSFET, the internal diode 
can be used if the 


peak diode current rating (450mA) and maximum 
pack- 


age power dissipation 
ratings are observed. 
For higher 


power circuits, 
an external Schottky diode 
such as the 


1N5817 (1 Amp) or 1N5821 (3 Amp) 
should 
be con- 


nected between LX and VOUT in parallel with the internal 
diode. 
Although 
1N4001s and other general 
purpose 


rectifiers are rated for high currents, they are not recom- 
mended because their slow turn-on time results in exces- 
sive losses and poor efficiency. 


Fixed Output 10W CMOS 
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pulses to occur 
in bursts. 
This problem 
can often be 


avoided by minimizing pin lengths and circuit board trace 
size at the VFB node. 
Normal 
operation 
with evenly 


distributed 
pulses can also be restored by adding a'iead' 


compensation 
capacitor 
(1OOpFto 10nF) in parallel with 


R3 


The COMP input allows access 
to the internal voltage 
divider 
so that compensation 
can also be added 
when 
fixed output operation 
is used. 
A capacitor 
connected 
between 
VOUT 
and 
COMP 
adds 
a 'lead' 
to 
the 
regulator's 
response. 


Bypassing and Compensation 


Since the inductor 
charging 
current 
can be relatively 


large, high currents flow through the ground connection 
near the MAX641/642/643. 
To prevent unwanted 
feed- 
back, the impedance 
of the ground path must be as low 


as possible, and a bypass capacitor 
(10IlF) should be at 
the VOUT pin, even 
if large filter capacitor 
are used 


elsewhere in the circuit. 


When 
large values 
(>50kQ) 
are used for the voltage 


setting resistors (R3 and R4 of Figure 2), stray capaci- 
tance at the VFB input can add a 'lag' to the feedback 
response, destabilizing 
the regulator and causing output 


PART 
PKG. 
Ron AT 
V(MAX) 
MFG. 
NUMBER 
(IDS. VGS = X) 


IRFD121 
4pDIP 
0.30 (1.3A, 10V) 
60 
H/IR 


BUZ71A 
TO-220 
0.120 
(6A, 10V) 
50 
MOT/SI/SM 


BUZ21 
TO-220 
0.10(9A,10V) 
100 
MOT/SI/SM 


IRF513 
TO-220 
0.80 (2A, 10V) 
100 
H/IR/MOT/SI 


IRF530 
TO-220 
0.180 
(8A, 10V) 
100 
H/IR/MOT/SI 


IRF540 
TO-220 
0.0850 
(8A, 10V) 
100 
H/IR/MOT/SI 


IRF620 
TO-220 
0.80 (2.5A, 10V) 
200 
H/IR/MOTISI 


IRF640 
TO-220 
0.180(10A, 
10V) 
200 
H/IR/MOTISI 


PART 
PKG. 
Ron AT 
V(MAX) 
MFG. 
NUMBER 
(105. VGS = X) 


RFP25N06L 
TO-220 
0.850 
(12.5A, 5V) 
50 
H 


RFP12Nl0L 
TO-220 
0200 
(6A, 5V) 
100 
H 


PFP15N06L 
TO-220 
0.140 (7.5A, 5V) 
50 
H 


IRL540 
TO-220AB 
0.110 
(24A, 4V) 
100 
IR 


IRL734 
TO-220AB 
0.30 (7.8A, 4V) 
60 
IR 


IRZ14 
TO-220AB 
o.om (23A, 4V) 
60 
IR 


MTM25N05L 
TO-220AB 
0.10 (12.5A, 5V) 
50 
MOT 


MTM15N05L 
TO-220AB 
0.150 
(7.5A, 5V) 
50 
MOT 


MTP12Nl0L 
TO-220AB 
0.180 
(6A, 5V) 
100 
MOT 


Manufacturer 
Code: H= Harris, IR= International 
Rectifier, MOT = Motorola 


Note: This list does not constitute 
an endorsement 
by Maxim Integrated 
Products 
and is not intended 
to be a comprehensive 
list of all 
manufacturers 
of these components. 
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MAXIM 
V'N 
VOUT 
lOUT 
TYP EFF 
Ipk 
PART NO.' 
INDUCTOR 
(L) 


PART NO. 
(V) 
(V) 
(mA) 
(%) 
(A) 
~H 
Q 


MAX641 
3 
5 
200 
83 
13 
6860-13 
100 
.10 
3 
5 
300 
80 
2.0 
6860-09 
47 
05 


5 
12 
200 
91 
1.2 
6860-08 
39 
0.05 
MAX642 
5 
12 
350 
89 
2 
6860-04 
18 
003 


5 
12 
550 
87 
3.5 
7200-02 
12 
0.01 


5 
15 
100 
92 
1.2 
6860-08 
39 
005 


MAX643 
5 
15 
150 
89 
1.5 
6860-06 
27 
0.04 
5 
15 
225 
89 
2 
6860-04 
18 
0.03 


5 
15 
325 
85 
35 
7200-02 
12 
001 


Inductor Saturation 


It is important 
to be sure that the inductor 
does 
not 
saturate, 
particularly 
in high-power 
circuits. 
Inductor 
saturation 
leads to very high current levels through the 
external boost transistor, causing excessive power dissi- 
pation, 
poor 
efficiency, 
and 
possible 
damage 
to the 
inductor and the external transistor. 


Test for saturation by applying the maximum load and the 
maximum 
input voltage 
while 
monitoring 
the inductor 
current with a current probe. The normal inductor current 
waveform 
is a sawtooth with a linear current ramp. 
Sat- 


uration creates a nonlinear current waveform with a very 
rapid increase in current once the inductor saturates. 


To ensure that the current rating(s) of the FET(s) is not 
exceeded, 
the inductance 
value of the coil, including the 
manufacturer's 
tolerances, 
should never be lower than 
that used in the calculations 
or in Table 2. In addition, to 
ensure that the core does not saturate, the current rating 
of the coil should be greater than the peak current, Ipk. 


Coil resistance 
has a significant 
effect 
on the output 
current. 
To increase 
the output 
current 
and raise the 
overall efficiency, 
the inductor should have a resistance 
less than a few tenths of an Ohm. 


Inductance Values 


Inductance 
values 
for commonly 
encountered 
power 


supplies are listed in Table 2. The data in Table 2 refers 
to the circuit in Figure 5. 
______ 
Typical Applications 


Basic High-Power Hookup 


Figure 5 shows the standard 
circuit configuration 
for a 


fixed output step-up DC-DC converter. The output power 
is determined 
by the current 
ratings 
of the external 
MOSFET and inductor, 
as well as, the switching 
time of 
the EXT output into the gate capacitance 
of the MOSFET. 


Typical switching 
times are given in the Electrical Char- 


acteristics 
Table. 


Low-Power Step-Up Conversion 


In low-power 
applications, 
the LX output 
and 
internal 
diode may be used instead of an external MOSFET and 
diode, as shown in Figure 3. The power handling 
capa- 


bility of this circuit is about 250mW. See the MAX631 data 
sheet for inductor selection information. 


High-Voltage Operation 


If the external 
MOSFET or transistor 
has an adequate 
voltage 
rating, 
the 
output 
voltage 
range 
of 
the 
MAX641/642/643 
can be extended 
(Figure 4). 
The ad- 
justable output mode must be used (VFB connected 
to 
external resistors), and the VOUT pin must be connected 
to the circuit's 
INPUT voltage. 


YOUr, 
VIN 


VaUT = +5V WITH MAX641 


VaUT 
= + 12V WITH MAX642 
VaUT = + 15V WITH MAX643 


VaUT 


A'lAXUM 
CaMP 


MAX641 
MAX642 
VFB 


MAX643 
GND 


II1II 
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+I 
22~F 


N.C. 
=- 


6 
4 


5 
EXT 
LX 


+ 
VOUT 


10~rr: 


lMO 
1000pF 


.Al'lAX1A'I 
R3 
=- 
MAX641 
VFB 


MAX642 
MAX643 
271<0 
R3=R4(VOUT 
-1) 
R4 
1.31V 


.Al'lAX1A'I 


MAX641 
MAX642 
MAX643 
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PART 
DESCRIPTION 
INPUT 
OUTPUT 
COMMENTS 
NUMBER 
VOLTAGE 
VOLTAGE 


Low-Power 
Boost Converters 


MAX630/4193 
DC-DC Boost Converter 
2V to 16.5V 
VOUT>VIN 
Improved 
RC4193 2nd source 


MAX631 
DC-DC Boost Converter 
1.5V to 5.6V 
+5V 
Only 2 external components 


MAX632 
DC-DC Boost Converter 
1.5V to 12.6V 
+12V 
Only 2 external components 


MAX633 
DC-DC Boost Converter 
1.5V to 15.6V 
+15V 
Only 2 external components 


High-Power 
Boost Converters 


MAX641 
High-Power 
Boost Converter 
1.5V to 5.6V 
+5V 
Drives external MOSFET 


MAX642 
High-Power 
Boost Converter 
1.5V to 12.6V 
+12V 
Drives external MOSFET 


MAX643 
High-Power 
Boost Converter 
1.5V to 15.6V 
+15V 
Drives external MOSFET 


Low-Voltage 
Boost Converters 


MAX654 
Low-Voltage 
Boost Converter 
1.15Vto 
5.6V 
+5V 
Optimized 
for 1 cell 


MAX655 
Low-Voltage 
Boost Converter 
1.5V to 5.6V 
+5V 
Optimized 
for 2 cells 


MAX656 
Low-Voltage 
Boost Converter 
1.15Vto 
5.6V 
+5V 
Drives external MOSFET 


MAX657 
Low-Voltage 
Boost Converter 
1.15Vto 
3.6V 
+3V 
Optimized 
for 1 cell 


MAX658 
Low-Voltage 
Boost Converter 
1.5V to 5.6V 
+5V 
Drives external MOSFET 


MAX659 
Low-Voltage 
Boost Converter 
1.5V to 3.6V 
+3V 
Optimized 
for 2 cells 


Invertering 
Converters 


MAX634/4391 
DC-DC Voltage Inverter 
2V to 16.5V 
up to -20V 
Improved 
RC4391 2nd source 


MAX635 
DC-DC Voltage Inverter 
2V to 16.5V 
-5V 
Only 3 external components 


MAX636 
DC-DC Voltage Inverter 
2V to 16.5V 
-12V 
Only 3 external components 


MAX637 
DC-DC Voltaqe Inverter 
2V to 16.5V 
-15V 
Only 3 external components 


Step-Down 
Converter 


MAX638 
DC-DC Voltaqe Stepdown 
3V to 16.5V 
VOUT< VIN 
Onlv 3 external components 


Charge-Pump 
Converters 


MAX680 
± Output Charge Pump 
2V t06V 
±2VIN 
4 external capacitors 


MAX681 
± Output Charge 
Pump 
2V t06V 
±2VIN 
MAX680 with internal capacitors 


ICL7660 
Negative 
Charge Pump 
1.5Vt010V 
-VIN 
Not regulated 


ICL7662/Si7661 
Negative 
Charge Pump 
4.5V t020V 
-VIN 
Not regulated 


Dual Output Converters 


MAX742 
Current-Mode 
Controller 
+5V 
±15V/±12V 
Drives external MOSFETs 


MAX743 
Current-Mode 
Regulator 
+5V 
±15V/+12V 
3Woutput 


Fixed Output 10W CMOS 
Step-up Switching Regulators 


ell) 
Chip Topography 


~ 


~ 


GND 
LBI 


~se.,.. 


~ 


0.070" 


~ 


(1.78mm) 


LX 
i 


VOUT 
EXT 
V'O 
COMP 


0.096" 


(2.44mm) 


PARr 
TEMP. RANGE 
PIN·PACKAGE 


MAX643XCPA 
O'C to +70'C 
8 Plastic DIP 


MAX643XCSA 
O'C to +70'C 
8 Narrow SO 


MAX643XC/D 
O'C to +70'C 
8 Dice 


MAX643XEPA 
-40'C to +85'C 
8 Plastic DIP 


MAX643XESA 
-40'C to +85'C 
8 Narrow SO 


MAX643XEJA 
-40'C to +85'C 
8 CERDIP 


MAX643XMJA 
-55'C to + 125'C 
8 CERDIP 


~~I~JXI~~I 


Low Voltage Step-Up DC-DC Converters 


_______ 
General Description 


The MAX6S4-6S9 
step-up 
DC-DC 
converters 
operate 


from low input voltages such as those supplied 
by single- 


cell batteries. 
They feature a low battery indicator 
and 


can run in standby mode to prolong battery life. A Power 
Ready output provides 
a means to control external cir- 


cuitry when standby mode is used. 


The 
performance 
characteristics 
of each 
device 
are 
listed in the following 
table. 
The MAX6S4/656/6S7 
are 
optimized for single-cell input, while the MAX6SS/6S8/6S9 
work best with two series alkaline or NiCad cells, or one 
lithium cell. 
The MAX6S4/65S/6S7/6S9 
contain an inter- 
nal power 
MOSFET, while an external 
MOSFET is re- 
quired with the MAX6S6/6S8. 


PART 
TYPINPUT 
OUT 
POWER 
OUTPUT 


RANGE (V) 
(V) 
SWITCH 
(mA) 


MAX654 
1.15-1.56 
5 
Internal 
40 


MAX655 
2.30-3.10 
5 
Internal 
60 


MAX656 
1.15-1.56 
5 
Ext MOSFET 
170 


MAX657 
1.15-1.56 
3 
Internal 
60 
MAX658 
2.30-3.10 
5 
Ext MOSFET 
110 


MAX659 
2.30-3.10 
3 
Internal 
60 


Battery-Powered 
Devices 


Single-Cell 
Instruments 


Pagers and Radio Controlled 
Receivers 


4-20mA Loop Powered Instruments 


Features 


• 
+5V at 170mA from a Single-Cell 
Battery 


• 
Guaranteed 
Start-Up at 1.15V 


• 
Minimum Component 
Count 


• 
Shutdown Mode-80/lA 
Quiescent Current 


• 
Low Battery Indication 


• 
Power Ready Function 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MAX6S4CPD 
O'C to +70'C 
14 Plastic DIP 


MAX6S4CSD 
O'C to +70'C 
14 NarrowSO 


MAX6S4C/D 
O'C to +70'C 
Dice 


MAX6S4EPD 
-40'C to +8S'C 
14 Plastic DIP 


MAX6S4ESD 
-40'C to +8S'C 
14 NarrowSO 


MAX6S4MJD 
-SS'C to + 12S'C 
14 CERDIP 


MAX6SSCPD 
O'C to +70'C 
14 Plastic DIP 


MAX6SSCSD 
O'C to +70'C 
14 Narrow SO 


MAX6SSC/D 
O'C to +70'C 
Dice 


MAX6SSEPD 
-40'C to +8S'C 
14 Plastic DIP 


MAX6SSESD 
-40'C to +8S'C 
14 NarrowSO 


MAX6SSMJD 
-SS'C to +12S'C 
14 CERDIP 


L2 
471l!i 


IN5818 
+5V 


1 
+ 


LX2 
220t!FI 
9 
3 


LX1 
Vcc 


6 L81 
.-_.- 
MAX654 
OUT 10 


Low Voltage Step-Up DC-DC Converters 


Operating 
Temperature 
MAX65XCXX 
MAX65XEXX 
. 
MAX65XMXX 
Power Dissipation 
Plastic DIP (derate 10mWrC above 70'C) 
800mW 
SO (derate 8.7mWrC above 70'C) 
695mW 
CERDIP (derate 9.5mWrC above 70'C) 
. 750mW 
Storage Temperature 
-65'C to +160'C 


Lead Temperature 
(Soldering, 
10 See) 
+300'C 


. ... 
+16V 
+6.6V 


...... 
+15V 
+5.6V 
50mA 
1.6A 
50mA 


-0.3V to (V+ + 0.3V) 


Peak Voltage at LXl Pin. 
Peak Voltage at LX2 or Vcc Pin 
Supply Voltage to L1 
Supply Voltage to L2, Vcc 
Peak Current, LXl 
..........•. 


Peak Current, LX2 
LBO Output Current 
.. 
. 
. 


Input Voltage, CTL, LBI (Note 1) 


OT to +70'C 


. -40'C to +85'C 


.......... 
-55'C to + 125'C 


Stresses 
above 
those listed under 
"Absolute 
Maximum 
Ratings· 
may cause 
permanent 
damage 
to the device. 
These 
are stress 
ratings 
only, and functional 
operation 
of the device 
at these 
or any other conditions 
above 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL CHARACTERISTICS: 
MAX654, MAX656, MAX657 


(GND ~ OV, VBATI ~ 1.2V, TA ~ 25'C, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


MAX654, MAX656 
TA ~TMIN to TMAX 
4.5 
50 
5.5 
Output Voltage 
VOUT 
V 
MAX657 
TA~TMINtoTMAX 
2.7 
3.0 
3.3 


Output Current 
IL 
See Table 1 
mA 


Minimum 
Input Voltage to LXl 
VLX1 
IL ~ O~A 
0.9 
1.0 
V 


Minimum Startup Voltage to LXl 
VLX1 
IL ~ O~A 
1.1 
1.15 
V 


Input Voltage to LX2 
VLX2 
56 
V 


Peak LX2 Switch Current 
ILX2 
MAX654, MAX657 
1.5 
A 


Standby 
Current 
10 
IL ~ O~A, CTL ~ Open 
80 
~A 


Switching 
Frequency 
VBATI ~ 1.0V to 1.6V 
15.5 
18 
24 
fa 
kHz 
TA ~ TMIN to TMAX 
18 


MAX654, MAX656 
66 
75 
80 
LX2, D Switch Duty Cycle 
%ON 
% 


MAX657 
50 
66 
75 


LX2, D Switch On Time 
MAX654, MAX656 
30 
42 
46 
tON 
~s 
MAX657 
23 
37 
44 


LX2 On Resistance 
ROSON 
MAX654, MAX657 
0.40 
0.67 
Q 


D Output Saturation 
Current 
MAX656 
I Source 
-25 
mA 
Sink 
100 


Low Battery Input 
VLBI 
1.12 
1.18 
V 
Threshold Voltage 


Low Battery Input 
-05 
mvrc 
Threshold 
Tempco 


Low Battery Input Bias Current 
ILBI 
001 
10 
nA 


Low Battery Output 
VLBO 
VLBI < 1.12V, ILBO ~ 1.6mA 
0.4 
V 
VLBO> 
1.18V, ILBO ~ -l~A 
V+-l 


CTL Input Threshold 
VeTL 
0.7 
V 


PROutput 
VPR 
PR High, IpR ~ -l~A 
VOUT - 0.2 
V 
PR Low, IPR ~ lmA 
0.3 
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ELECTRICAL CHARACTERISTICS: 
MAX655, MAX658, MAX659 


(GND ; OV, VBATI; 
2AV, TA ; 25·C, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


MAX655, MAX658 
TA ;TMINto 
TMAX 
45 
50 
55 


Output Voltage 
VOUT 
V 


MAX659 
TA; TMIN to TMAX 
2.7 
3.0 
33 


Output Current 
IL 
See Table 1 
mA 


Minimum 
Input Voltage to LXl 
VLXl 
IL; 
O~A 
09 
10 
V 


Minimum Startup Voltage to LX 1 
VLXl 
IL; 
O~A 
10 
1.5 
V 


Input Voltage to LX2 
VLX2 
56 
V 


Peak LX2 Switch Current 
ILX2 
15 
A 


Standby 
Current 
IQ 
IL ; O~A, CTL ; Open 
40 
~A 


VBATI; 
2.0V to 3.2V 
155 
18 
24 


Switching 
Frequency 
fa 
kHz 


TA; 
TMIN to TMAX 
18 


MAX655, MAX658 
40 
50 
60 


LX2, D Switch Duty Cycle 
%ON 
% 


MAX659 
25 
33 
37 


MAX655, MAX658 
18 
28 
35 


LX2, D Switch On Time 
tON 
MAX659 
~s 
12 
18 
22 


LX2 On Resistance 
ROSON 
DAD 
0.67 
Q 


D Output Saturation Current 
MAX658 
I Source 
-25 
mA 
Sink 
100 


Low Battery Input Threshold 
VLBI 
112 
1.18 
V 
Voltage 


Low Battery Input Threshold 
-05 
mVrC 
Tempco 


Low Battery Input Bias Current 
ILBI 
001 
10 
nA 


Low Battery Output 
VLBO 
VLBI < 1.12V, ILBO; 
1.6mA 
004 
V 
VLBI> 
1.18V, ILBO; 
-l~A 
V+ -1 


CTL Input Threshold 
VCTL 
0.7 
V 


PROutput 
VPR 
PR High, IpR; 
-l~A 
VOUT - 0.2 
V 
PR Low, IpR ; 
lmA 
0.3 


voltage 
and builds 
up (or bootstraps) 
a higher voltage 


that in turn is used as the supply 
for further operation. 


The bootstrapped 
supply 
yields 
higher 
efficiency 
be- 
cause it can drive the gate of the internal FET transistors 
to lower on resistances. 


When power is first applied, 
the circuit is very inefficient 
for the first cycle until a higher voltage 
is generated 
on 
the flyback 
half of the cycle. 
This higher 
voltage 
is 
rectified and filtered and powers the entire IC (and thus 
the oscillator) for the nex1 cycle. 
Since each cycle gen- 
erates a higher voltage 
for the next cycle, 
the voltage 
builds 
up very rapidly. 
An internal regulator 
limits the 
voltage to about 12V. The load for this supply is only the 
CMOS chip itself, so the requirements 
for 
the external 
inductor, 
L1, are not demanding. 
The + 12V supply 
is 


brought out to the V+ pin and is connected 
to a tantalum 
capacitor 
for filtering. 


The 
bootstrapped 
12V drives 
an internal 
N-channel 
power FETthat furnishes the switching power for the load. 
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_______ 
Operating 
Principle 


The MAX654-659 
are step-up converters; 
energy from a 
battery is first stored in a coil and then discharged 
to the 
load. Essentially, the circuit consists of a battery in series 
with a coil (L2) and switch (LX2), along with a rectifier 
(01) and filter capacitor 
(C1) as shown in Figure 1. When 
the switch is closed, current builds up in the coil, creating 
a magnetic 
field. 
Next, the switch opens, the magnetic 
field collapses, 
and the voltage 
across the inductor 
re- 
verses polarity. 
This voltage adds to that of the battery 
and supplies current to the load via the rectifier. 


The switch is controlled 
by a constant frequency 
oscilla- 
tor whose output is gated on and off by a comparator 
that 
monitors the output voltage. 
When VOUTrises above the 
comparator 
threshold, 
the MOSFET at LX2 is held off. 


The key to operating 
CMOS circuitry 
from a 1V supply 
depends 
on a technique 
called bootstrapping. 
A spe- 


cially designed 
oscillator 
starts itself up on a very low 
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Figure 
1. MAX654/655/657/659 
Block Diagram 


Since the gate of this FET is driven from a 12V supply, it 
has a very low on resistance 
and can efficiently 
switch 
high currents 
through 
a second 
inductor, 
L2. 
It is the 


power stored in this second 
inductor that is delivered 
to 
the 5V load via an external Schottky diode. 
The rectified 


5V output is connected 
back to the OUT pin to provide 


feedback. 
The MAX654-659 
thus have two separate 
switching 
circuits and use two separate inductors. 


Circuit Detai'. 


A typical 
application 
circuit 
is shown in Figure 3. 
The 
higher value inductor, 
L1, is typically 
4.7mH, and may 


MAX654 
MAX655 
MAX656 
MAX657 
MAX658 
MAX659 
PIN# 
PIN# 
NAME 
FUNCTION 


- 
1 
LX2 
Output (drain) of h~h-power 
N-channel power 
OS switch. 


1 
3 
VCC 
Start-up Bias Input; 
MAX654,65E,657:OOlnectto LX2. 
MAX656/658: 
connect 
to drain 
of external MOSFET. 


2 
2 
V+ 
Output of low power-up 
con- 
verter; 10V to 15V in high- 
power mode, 4.5V to 5.6V in 
MAX654/655/656/658 
standby 
mode, 2.6V to 3.6V in 
MAX657/59 
standby 
mode. 


3, 7 
7 
GND 
low-Power 
Ground. 


4 
4 
VREF 
1.25V band~ap reference out- 
put; should 
e decoupled with 
a capac~or to pin 3. This termi- 
nal is high impedance and 
cannot source or sink current. 


5 
5 
LBO 
low 
Battery Monitor Output. 


Sinks 1.6mA when lBI is less 
than 1.17V, otherwise 
sources 
l!1AfromV+. 


MAX654 
MAX655 
MAX656 
MAX657 
MAX658 
MAX659 
PIN# 
PIN# 
NAME 
FUNCTION 


6 
6 
lBI 
low 
Battery Monitor Input 
1.17Vthreshold. 


8, 14 
8 
N.C. 
No Connection. 


9 
9 
LX1 
Output (drain) of low-power 
N-channel 
power driver. 


10 
10 
OUT 
+5V (+3V on MAX657/659). 
Feedback 
(input) 
pin for high- 


power operation; 
output 
pin 


in standby 
mode. 


11 
11 
PR 
Power Ready Output; 
high 
when high-power 
converter 
is 


ready to supply 
power. 


High output level = VOUT. 


- 
12,14 
HP 
High-Power 
Ground. 
GND 


13 
13 
eTl 
Control Mode &vitch Input open 
circu~ or hit 
for standby mode, 


ground for 
igh-po.ver mode. 


12 
- 
D 
Driver output to external FET 
Output voltage swings from 
GNDtoV+. 
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+ 
C1I220~F 


~ 
4 
VREf 


Figure 2. 
MAX656/658 
Block Diagram 


have fairly high 
losses. 
It is used for the low-power 
section of the circuit and is rectified by an internal diode 
and 
routed 
to V+, where 
it is filtered 
by an external 


capacitor, 
C1. 
The second 
inductor, 
L2, ranges from 
1211Hto 500I1H, depending 
on input voltage 
and load 
current. 
It must have low series resistance 
and have 


sufficient core material to handle the load power without 
saturating. 
With the MAX654/5/7/8, 
the inductor, 
L2, is 
connected 
to LX2, which is simply the drain of the high- 


power FET. Current flowing through L2 is rectified by an 
external Schottky diode, D1, and filtered by an external 
capacitor, 
C2. 
This is the main +5V output (+3V on the 


L2 


47~H 
01 
1N5818 


BAn 
1.15V- 
+ 
1.55V 


1 


Vcc 
LX2 


LBI 
..•• AXUM 
OUT 
10 


VREF 
MAX654 
v+ 
C3 
C2 
+ 
10n 


GNO 
l~FI 


13 
L1 - #7130-45 
-=- 


CTL 
L2 - 17200-02 
~caddell-Burns 


12,14 
16-746-2310) 


MAX657/659). 
It is connected 
to the OUT pin which is 


the feedback 
input in high-power 
mode. 
Figure 4 shows 


a similiar circuit with the MAX656 using an external FET 
for higher power output. 


Low-Power Standby Mode 


A control pin (CTL) puts the device into standby mode to 
conserve 
power. 
When this pin is held low, the IC oper- 
ates normally. 
But if it is driven high or left open, the chip 
goes into standby. 
Several things 
happen 
in standby 


mode: the PR pin is driven low, the high-power 
FET is 


gated off, the 12V (V+) switching 
supply 
is reduced 
to 


BAnm~-+ 47kn 


LBI 
10 


.-..oXIAII 
OUT 


VREf 
MAX656 
V+ 


+ C2 


GNO 
I1~f 


L1 - #7130-43 
CTL 
L2 - 17200-02 
(Caddell-Burns 
516-746-2310) 
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+5V (+3V on the MAX657/659) 
and is connected 
to the 
OUT pin. 
By lowering the internal12V 
supply to 5V, the 
leakage 
currents 
of the CMOS circuits 
(and the losses 
associated 
with its voltage reference 
and oscillator) 
are 
reduced to a minimum. 
The internal low-power 5V supply 
can furnish up to 500IJA and is connected 
to the normal 
5V OUT pin to supply current to standby circuitry. 


Power Ready Output Pin 


During initial start-up (and when placed in standby mode), 
the MAX654-659 internal voltages are too low to drive the 
power FET efficiently. 
A separate comparator determines 
when this voltage has reached a high enough value to drive 
the power FET. The output of this comparator gates the FET 
drive signal. 
This scheme extends battery life in standby 
mode and prevents the power FETfrom stalling when switch- 
ing to high-power mode. The comparator output appears at 
the PR pin and can be used to control external circuitry, such 
as the gate of a MOSFET connecting the load to the power 
supply, further reducing battery drain. 


Start-Up and Mode Considerations 


The MAX654-659 
may be started up in either low-power 
(standby) 
or high-power 
mode. 
When starting 
in the 
high-power 
mode, 
both the low-power 
switch 
and the 
high-power 
switch start immediately. 
Whether or not the 
load is connected, 
the output voltage will rise to 5V in the 
first few cycles. 
Note that in the high-power 
mode, the 
OUT pin is used as a feedback 
input. 


If a high-power 
load (greater than about 5001JA) is con- 


nected 
to the OUT pin and the device 
is placed 
in the 
low-power mode via the CTL pin, the low-power oscillator 
will have to furnish all of the 5V power via the OUT pin, 
and the low-power 
oscillator 
will stall. 
Therefore, 
it is 
important to disconnect 
any load currents (greater than 
5001JA) whenever 
the low-power 
or standby 
mode 
is 
selected. 
The PR pin may be used to disconnect the load 
via an external transistor. 


Input Filtering 


It is important to limit the rate of rise of the input voltage 
if the circuit is first turned on with a mechanical 
switch or 
by the installation of battery(ies). 
A simple R-C network 
made up of the battery's 
internal resistance 
and a 1O~F 


tantalum capacitor 
placed at the battery side of L2 input 
is sufficient for this purpose. 
This capacitor 
also helps to 
absorb the (relatively) 
high peak currents that are drawn 
from the battery in the high-power 
mode. 


Output Filtering 


An output 
reservoir 
capacitor 
must be placed 
on the 
OUT pin to provide filtering for the 5V output. 
Capacitor 


values should 
be 100~F or greater, 
with low effective 
series resistance 
to minimize output ripple. 
The V+ pin 
(12V) should 
be filtered 
with a 1~F capacitor, 
tied be- 


tween the V+ pin and ground. 


Low Battery Function 


A completely 
independent 
low battery 
monitor 
is built 
into the MAX654-659. 
Its input, LBI, is the + input of a 
CMOS 
comparator 
whose 
input 
is connected 
to an 
internal 
1.17V reference. 
This input can be connected 
directly 
to the battery 
in single-cell 
circuits. 
The trip 
voltage 
of the Low Battery 
Detector 
may be adjusted 
using an external voltage 
divider as shown in Figure 5. 


The output, 
LBO, can 
sink 
1.6mA or source 
several 
microamperes 
from V+. Place a 47kn 
resistor in series 
with the LBI pin. 


BATIERY -=I 


10kn s R2 s 10Mn 
VLB 
R1 =R2( 
1.17-1) 


VLB = Trip Point of Low Battery Detector 


_______ 
Inductor 
Selection 


Low-Power Coil, L1 


For the low-power 
inductor (L 1) a 4.7mH coil with a DC 
resistance 
of less than 40n 
is adequate 
for most appli- 
cations. In general, higher inductance 
values allow lower 
start-up 
voltages, 
while 
lower resistances 
yield 
lower 
quiescent 
current in standby mode. 
If the inductance 
is 
made too high, the low-power 
(V+) output voltage 
and 
current are reduced. 
This in turn reduces the efficiency 
of the power section, so the +5Voutput 
(in standby mode) 
supplies 
less current. 
Lower values of inductance 
raise 
the minimum start-up voltage. 


High-Power Coil, L2 


The high-power 
coil, L2, stores most of the energy that 


flows into the load. 
Accordingly, 
it should have a pow- 
dered iron or ferrite core and have low series resistance 
to minimize losses. 
It also must have an adequate 
cur- 
rent rating to prevent saturation. 


'-ow Voltage Step-Up DC-DC Converters 


From the Electrical Characteristics 
table: 


ROSON(MAX)= 0.670 
fO(MAX)= 24,000Hz 
duty cycle minimum, %ON(MIN) = 0.66 
tON(MIN) = 30llS 


The inductance 
tolerance 
of L2 has some 
impact 
on 
these 
calculations. 
In the following 
equations, 
a new 
L(MIN) based on the manufacturer's 
tolerance 
specifica- 


tion is used. 
This example assumes ±10% tolerance, 
so 
90% of the nominal inductance 
is used. 


Assume that the maximum coil resistance, RCOIL(MAX)is: 


RCOIL(MAX)= 0.150 


The maximum total charging 
resistance, 
R(MAX)is: 


R(MAX) = ROSON(MAX)+ RCOIL(MAX)= 0.820 


At the end of the ON period: 


I' k = VIN(MIN) x [1-e -R(MAX)tON(MINyL(MIN)] 
p 
R(MAX) 


The energy stored in the in the coil is: 


E 
L(MIN) x I'pk 2 
COIL = 
2 


And the power put into the coil is: 


PCOIL = fO(MAX)x ECOIL 


L(MIN) x I'pk 2 x fO(MAX) 


2 


The minimum available DC output 
current, lOUT, is: 


I 
T _ PLOAO _ 
PCOIL - PLOSS 
OU - VLOAO - VOUT(MAX)+ VOIOOE- VIN(MIN) 


PCOIL -I'pk 2 x RCOIL(MAX)/3x (1-%ON(MIN) 
) 


VOUT(MAX)+ VOIOOE-VIN(MIN) 


Using a 47 ±10% IlH coil with a resistance of 0.150 
and 
an input voltage of 1.1V, the minimum available 5V output 
current 
at the highest 
output 
voltage 
(5.5V) would 
be 
36.3mA. 
This assumes a 0.3V forward drop in the IN5818 
diode. 


When selecting a coil, care should be exercised to insure 
that the minimum 
inductance 
value, 
including 
all the 
manufacturing 
tolerances, 
is never lower than the calcu- 
lated inductance. 
Otherwise, the peak current rating of 
LX2 may be exceeded. 
In addition, the current rating of 
the coil should be greater than the peak current used in 
the calculation 
(1.5A normally) 
to avoid saturating 
the 
core. 


If the worst case output current 
is too small, either the 


minimum 
input voltage 
must be increased 
or the maxi- 
mum input voltage 
should 
be decreased. 
It is always 
desireable 
to decrease 
the ratio between maximum and 
.I"•.lJX •.I". 
4-111 


A coil must be selected 
that I eeps the peak current at 
LX2 below the maximum 
rating of the switch. 
This max- 
imum is 1.5A for the MAX654/55/57/59 
and depends 
on 


the current rating of the external FET and inductor when 
using the MAX656/58. 
The optimum inductance 
can be 
found using Figures 6-11 (refer to the Output Current vs. 
Input Voltage 
Section), 
or inductance 
values 
may be 


approximated 
from Table 1, or finally, the inductance 
may 
be calculated 
as follows: 


The first step is to calculate 
the minimum 
permissible 
inductance 
that keeps the peak current below the current 
rating of the individual 
components. 
This is done using 
the highest expected 
input voltage (VIN(MAX», the long- 
est on time per cycle for the LX2 switch (tON(MAX), and 
the lowest total series resistance, 
RMIN, where RMIN is 
the sum of the minimum coil and FET resistances. 
These 
are the conditions 
under which the highest coil current 
flows. 


For the MAX654, from the Electrical Characteristics 
table: 


Ipk of LX2 = 1.5A 
ROSON(MIN)= 0.40 
fO(MIN)= 15,500Hz 
duty cycle maximum, 
%ON(MAX) = 0.8 
tON(MAX) = 461ls 


Assume that the minimum coil resistance, 
RCOIL(MIN)is: 


RCOIL(MIN)= 0.10 


The minimum total resistance, 
R(MIN) is: 


R(MIN) = ROSON(MIN)+ RCOIL(MIN)= 0.4 + 0.1 = 0.50 


Then: 


I k = 1.5A = VIN(MIN) x [1-e -R(MIN)tON(MAX)I L(MIN)] 
P 
R(MIN) 


L 
-R(MIN) tON(MAX) 
(MIN) = Tr1[ 1-R(MIN) Ipk!VIN(MAX)] 


The above two equations "blow up" if R(MIN) = 0, but work 
fine for R(MIN) 2:0.0010. 
For a maximum input voltage 
of 1.56V (single alkaline cell) and a minimum coil resis- 
tance of 0.10, 
the minimum 
permissible 
inductance 
for 
the MAX654/57 
is 35.1IlH. 


Having determined 
the minimum inductance 
that keeps 
the peak current below the individual component 
ratings, 
we next calculate 
a new peak current 
(I'pk) using the 
highest resistance (R(MAX) and the lowest input voltage 
(VIN(MIN». Using these parameters, we will calculate the 
minimum available output (DC) current. 
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Q) 
Table 1. Operation with Common Batteries 
:g 
• 


~ 
=i 


BATIERY 
BATIERY 
VOLTAGE 
COIL SPECIFICATIONS 
(L2) 


MAXIM 
PART # 
TYPE 
OUTPUT 
MIN 
MAX 
IlH* 
OHMS 
PART # 


MAX654 
1 NiCad 
1.15V 
1.35V 
5V 
43mA 
39 
0.05 
6860-08 


MAX654 
1Alkaline 
1.2V 
1.55V 
5V 
43mA 
47 
0.05 
6860-09 


MAX654* 
1Alkaline 
1.2V 
1.55V 
5V 
10mA 
120 
0.14 
6860-14 


MAX655 
2 NiCads 
2.3V 
2.7V 
5V 
64mA 
68 
0.07 
6860-11 


MAX655 
2 Alkalines 
2.4V 
3.1V 
5V 
62mA 
82 
007 
6860-12 


MAX655 
1 Lithium 
2.6V 
3.6V 
5V 
64mA 
100 
0.10 
6860-13 


MAX656*' 
1 NiCad 
1.15V 
1.35V 
5V 
250mA 
12 
0.025 
6860-02 


MAX656" 
1Alkaline 
1.2V 
1.55V 
5V 
275mA 
12 
0.01 
7200-02 


MAX657 
1Alkaline 
1.2V 
155V 
3V 
60mA 
39 
005 
6860-08 


* Coilsare from Caddell-BurnsCo. NY (516) 746-2310. Inductance (IlH) is the MINIMUMallowedfor the listed battery voltage range 
(BatteryVoltage:MIN, MAX). Lowervaluesare not recommended,except when using the MAX656/658converterssince they use an 
externalMOSFET. If less current than listed in the Output column is needed, a higher inductance coil will reduce losses. The opti- 
muminductance varies inverselywith required output current if all other conditions are unchanged. Forexample, referto line3 and 
the 10mAoutput. 120llH supplies this current moreefficientlythan the 391lHcoil of line 2 L2 may also be calculated usingthe equa- 
tions in the Inductor SelectionSection. 


** These MAX656circuits (see Figure4) use an IRF541as an externalcurrent switch. Peakswitch current is typically 3.5A. 


minimum input voltages. 
The coil resistance 
also has a 
The inductance 
values for commonly 
encountered 
bat- 


significant 
effect on the output current. 
So, selecting 
a 
tery-operated 
power supplies are tabulated 
in Table 1. 
coil with the lower resistance 
will increase 
the output 
C 
"t 
SIt' 


current and increase the overall efficiency. 
apacI or e ec Ion 


.. 
The high-current, 
fast rise time pulses associated 
with 
If no sallsfactory 
value of Inductance can be found for the 
switching 
power supplies 
demand 
good grounding 
and 
deSired output current, the MAX656/58 may be used with 
bypassing 
techniques. 
The MAX654-658 have 3 ground 


ani external FET whose current rating exceeds 
1.5A. Th~ 
pins to improve grounding. 
In addition, the internal volt- 


ca culatlons 
are slmillar for the MAX654, except the ex 
age reference is brought out for connection to an external 
ternal FET's ROSONand the current rating of the FET or 
.. 
. 
... 
. 
'1 ( 
h' h 
. 
I 
) 
h 
Id b 
b t't t d' 
th 
10nF capacitor, 
minimizing 
nOise and modulalion 
of the 
COI w IC ever IS ower 
s ou 
e su s I u e 
In 
e 
reference. 


above equations. 


If the worst case output current is significantly 
higher than 


the required 
load current, 
a higher 
inductance 
value 


should be used. This will tend to reduce the peak current 
and ripple voltage, and tend to raise the overall efficiency. 
Be sure to adjust the coil resistance 
and recalculate 
all 


values when using another coil. 


When the maximum 
battery voltage exceeds 
1.65V, the 
MAX655/58/59 
should be used. 
Calculations 
are identi- 


cal to the MAX654 calculations, 
except 
different values 
must be used for the duty cycle and tON. 


In general, 
if a choice 
of batteries 
is available, 
higher 
input voltages are preferred for two reasons. 
First, as the 
input voltage 
approaches 
1V, the load on the battery 
increases while the losses increase. 
The losses become 


so dominant that efficiency 
suffers, and little output cur- 
rent can be maintained. 
Second, certain losses, such as 
the coil resistance 
and the FET on resistance, 
are less 
significant with higher input voltages. 
This means higher 
efficiency 
and 
a greater 
range 
of input 
voltages 
are 


tolerable. 
This in turn means that more of the chemical 
energy can be converted 
into electricity. 


In order to minimize transients, 
the two output voltages, 


V+ and +5V, should be filtered with tantalum capacitors 
or other types 
of capacitors 
with low effective 
series 


resisitance. 
If aluminum 
electrolytic 
capacitors 
are 
used, they should be paralleled 
with O.1IlF disc ceramic 
capacitors. 


Rectifier Selection 


The MAX654-659 
use one external rectifier. 
To achieve 
specified 
performance 
at low voltages, 
a Schottky type, 


such as the 1N5818, is recommended 
because 
it com- 


bines low forward voltage drop with fast switching speed. 
This maximizes 
power conversion 
efficiency 
and output 
current 
when 
the 
DC-DC 
converter 
is in high-power 
mode. 
One drawback 
of Schottky rectifiers is relatively 


high reverse 
leakage 
current 
(at 5V reverse, 
1N5818 


leakage 
is typically 
60!J.A at 25'C and 450!J.A at 75'C), 


which is quite large with respect to the circuit's quiescent 
current 
in standby 
mode 
(typical 
standby 
current 
MAX654/56/57 
80!J.A,MAX655/58/59: 
40!J.A). If standby 
mode is not used or used only for short periods, reverse 
leakage is not a significant 
additional 
loss compared 
to 
the normal load current, and need not be considered. 
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If quiescent 
operating 
current is a primary concern, 
or if 
the MAX654-659 
spends 
most of its time in standby 
mode, a silicon rectifier such as the 1N4933 or Unitrode 
UES1001 may be preferred. 
Silicon rectifiers have less 


reverse 
leakage 
current 
than 
do 
Schottky 
rectifiers 
(1N4933 
leakage 
current 
is typically 
1j.lA at 25'C 
and 
50j.lA at 100'C). 
In circuits where the standby 
mode is 
the predominant 
mode of operation. 
battery life may be 
extended 
by trading 
conversion 
efficiency 
for 
lower 


standby 
quiescent 
current. 


Output Current 


________ 
vs. Input Voltage 


Figures 6 through 
11 show output current versus input 
voltage using typical inductor values for each part in the 
MAX654-659 
Family. Where curves end in the middle of 


the graphs. 
the peak current 
limit of the internal 
LX2 
switch has been reached. 
A higher input voltage than 
indicated by that line (for the given inductor) may damage 
the device. 
Figures 8 and 
10 assume that an IRF541 
MOSFET is used (0.0850 
maximum on resistance). 


Dashed lines indicate regions where the LX2 current limit 
hasn't 
been 
exceeded, 
but the current 
rating 
of the 


selected 
coil (Caddell-Burns 
6860 series) has. 
The ac- 


tual voltages 
where 
lines end or become 
dashed 
are 


indicated 
by arrows on the graphs. 
The output currents 
indicated 
by dashed 
lines can be achieved 
only with 
inductors 
of higher current rating than the indicated 
coil 


(such as Caddell-Burns 
7200 series or a toriod, for exam- 
ple). 
The coils used in Figures 6, 7. 9, and 11 are as 
follows: 


33!1H - 6860-07 
47!1H - 6860-09 
100!1H - 6860-13 
150!1H - 6860-15 
220!1H - 6860-17 


Caddell-Burns 
(516) 746-2310 


47~H 


681JH 


100!>H 


15l>,1H 


22l¥H 


13 
1.5 
1.7 
1.9 


VIN(V) 


Rgure 
6. MAX654, 
lOUT VS. V/N (VOUT = 5V) 
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Figure 
9. MAX657, 
lOUT VS. V/N (VOUT = 3V) 
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Figure 
11. 
MAX659, 
lOUT V$. V,N (VOUT = 3V) 


The coils used in Figures 8 and 10 are the Caddell-Burns 
7200 series inductors. 


The graphs 
in Figures 6-11 were calculated 
using worst 


case data, so individual circuits may supply more current 
than indicated. 
If the coils' current ratings are not ex- 


ceeded, 
smaller, 
lower-cost 
coils than those indicated 


may be used in low-current 
applications. 
Use the equa- 


tions in the text to calculate 
worst case peak coil/switch 


current to be sure that a particular coil's current rating is 
sufficient. 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MAX656CPD 
O'C to +70'C 
14 Plastic DIP 


MAX656CSD 
O'C to +70'C 
14 NarrowSO 


MAX656C/D 
O'C to +70'C 
Dice 


MAX656EPD 
-40'C to +85'C 
14 Plastic DIP 


MAX656ESD 
-40'C to +85'C 
14 Narrow SO 


MAX656MJD 
-55'C to + 125'C 
14 CERDIP 


MAX657CPD 
O'C to +70'C 
14 Plastic DIP 


MAX657CSD 
O'C to +70'C 
14 Narrow SO 


MAX657C/D 
O'C to +70'C 
Dice 


MAX657EPD 
-40'C to +85'C 
14 Plastic DIP 


MAX657ESD 
-40'C to +85'C 
14 Narrow SO 


MAX657MJD 
-55'C to +125'C 
14 CERDIP 


MAX658CPD 
O'C to +70'C 
14 Plastic DIP 


MAX658CSD 
O'C to +70'C 
14 Narrow SO 


MAX658C/D 
O'C to +70'C 
Dice 


MAX658EPD 
-40'C to +85'C 
14 Plastic DIP 


MAX658ESD 
-40'C to +85'C 
14 NarrowSO 


MAX658MJD 
-55'C to +125'C 
14 CERDIP 


MAX659CPD 
O'C to +70'C 
14 Plastic DIP 


MAX659CSD 
O'C to +70'C 
14 NarrowSO 


MAX659C/D 
O'C to +70'C 
Dice 


MAX659EPD 
-40'C to +85'C 
14 Plastic DIP 


MAX659ESD 
-40'C to +85'C 
14 Narrow SO 


MAX659MJD 
-55'C to +125'C 
14 CERDIP 


I.ow Voltage Step-Up DC-DC Converters 


(N.C.) 
HP GNO 


(0) 
HP GNO 


PR 
~ 
(3.45mm) 


-OUT 
I 


~ 
LGN0-J 


0.082" 


(2.08mm) 


Note: Labels in ( ) are for MAX656/MAX658 only 


(GNO) 
vcc 


VREF 


~III~J XI~III 
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_______ 
General Description 


The MAX660 monolithic, 
charge-pump 
voltage 
inverter 


converts a + 1.5V to +5.5V input to a corresponding 
-1.5V 
to -5.5V output. 
Using only two low-cost capacitors, 
the 


charge 
pump's 
100mA 
output 
replaces 
switching 
regulators, 
eliminating 
inductors 
and their associated 
cost, size, and EM!. 
Greater than 90% efficiency 
over 
most of its load-current 
range combined 
with a typical 
operating 
current of only 200~ 
provides 
ideal perfor- 


mance for both battery-powered 
and board-level 
voltage 
conversion 
applications. 
The MAX660 can also double 
the output voltage of an input power supply or battery, 
providing 
+9.35V at 100mA from a +5V input. 


A Frequency 
Control 
(FC) pin selects 
either 
10kHz or 
45kHz operation to optimize capacitor size and quiescent 
current. The oscillator 
frequency 
can also be adjusted 
with an external capacitor or driven with an external clock. 
The MAX660 is a pin-compatible 
high-current 
upgrade 
of the ICL7660. 


The MAX660 
is available 
in both 8-pin 
DIP and small 
outline packages 
in commercial, 
extended, 
and military 
temperature 
ranges. 


Laptop Computers 


Medical 
Instruments 


Interface Power Supplies 


Handheld 
Instruments 


Operational-Amplifier 
Power Supplies 


• 
O.65V Typ Loss at 100mA Load 


• 
6.5Q Typ Output Impedance 


• 
Pin-Compatible 
High-Current 
ICL7660 Upgrade 


• 
Inverts or Doubles Input Supply Voltage 


• 
Selectable Oscillator 
Frequency: 
10kHz/45kHz 


• 
88% Typ Conversion Efficiency at 100mA (IL to GND) 


• 
200l!A Operating Current 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MAX660CPA 
O'C to +70'C 
8 Plastic DIP 


MAX660CSA 
O'C to +70'C 
8S0 


MAX660C/D 
O'C to +70'C 
Dice' 


MAX660EPA 
-40'C to +85'C 
8 Plastic DIP 


MAX660ESA 
-40'C to +85'C 
8S0 


MAX660MJA 
-55'Cto 
+125'C 
8CERDIP 


CAPt 
OSC 
.lMAXtNI 


GNO MAX660 
LV 
INVERTED 
NEGATIVE 
VOLTAGE 
OUTPUT 


::E: 150~F 


OOUBLEO 
POSITIVE 
VOLTAGE 
OUTPUT 


+ C2 


150~F 


Cl 
2 


15~F 
+ 
CAPt 
OSC 


.lMAXtNI 


tVIN 
3 
GNO MAX660 
LV 
2.5VTO 
5.5V 


~"'I~JXI~"'I 
,.v.,.J X I,.vl 
is a registered 
trademark 
of Maxim Integrated 
Products. 
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Supply Voltage (V+ to GND, or GND to OUT) . . 
+6V 
LV Input Voltage 
.. OUT - 0.3V to V+ + 0.3V 
FC and OSC Input Voltages 
(the least negative of 
OUT - 0.3V or V+ - 6V) to V+ + 0.3V 
OUT and V+ Continuous 
Output Current. 
. 120mA 
Output Short-Circuit 
Duration to GND (Note 1) 
10 sec. 
Continuous 
Total Power Dissipation 
(TA; 
+70·C) 
Plastic DIP (derate 6.9mWrC above +70·C) 
SO (derate 5.88mWrC above + 70·C) 
CERDIP (derate 8.0mWrC 
above +70·C) 


Operating 
Temperature 
Ranges: 
MAX660C 
, . 
O·C to +70·C 
MAX660E 
-40·C to +85·C 
MAX660MJA 
-55·C to +125·C 
Storage Temperature 
.. -65·C to +160·C 


Lead Temperature 
(Soldering, 
10 sec.) 
+300·C 


552mW 
471mW 
640mW 
~~:~:t7;nb;ri/,~dd~~~: 
'~tf~~~~~ra·~:~ih~ti 
c~~~7!~~ 
~~~~~d·t7::!e 
~~~r~a7:~7na~e:~%:':a~g~;? 
;:~ti~~~i~7'th~h:~:C~~~:t~r;;;i~a~~rfmo;,:~~/ngx~~~~n~ 
absolute 
maximum 
rating conditions 
for extended 
periods 
may affect device 
reliability. 


ELECTRICAL CHARACTERISTICS 


(V+ ; 5V; C1, C2 ; 
150IlF; test circuit of Figure 1; FC ; open; TA ; TMIN to TMAX, unless otherwise 
noted.) (Note 2) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Inverter, LV ; open 
3 
55 


Operating 
Supply Voltage 
RL; 
1kQ 
Inverter, LV ; GND 
1.5 
5.5 
V 


Doubler, 
LV; 
OUT 
2.5 
5.5 


FC; 
open 
0.2 
0.5 
Supply Current 
No Load 
mA 
FC; 
V+ 
1 
3 


TA S +85·C, OUT more negative than -4V 
100 
Output Current 
mA 


TA > +85·C, OUT more negative than -3.8V 
100 


I TA S +85·C 
65 
10 
Output Resistance 
(Note 3) 
IL; 
100mA 
I TA> 
+85·C 
Q 
12 


FC; 
open 
10 
Oscillator Frequency 
kHz 
FC; 
V+ 
45 


FC; 
open 
±1.1 
OSC Input Current 


FC; 
V+ 
±5 
IlA 


RL ; 
1kQ connected 
between V+ and OUT 
96 
98 


Power Efficiency 
RL; 
500Q connected 
between 
OUT and GND 
92 
96 
% 


IL; 
100mA to GND 
88 


Voltage Conversion 
Efficiency 
No Load 
99 
9996 
% 


Note 1: In inverting 
mode, OUT may be shorted to GND for 10 sec. without damage, 
but shorting OUT to V+ may damage 
the device 
and should be avoided. 
In doubler mode, shorts of V+ to OUT can be tolerated 
indefinitely, 
but the Schottky 
diode current 
rating could be exceeded. 
In doubler 
mode, V+ may be shorted to GND for 10 sec. without damage. 
Note 2: In the test circuit, capacitors 
C1 and C2 are 150IlF, 0.2Q maximum 
ESR, aluminum 
electrolytics 
(Maxim part # MAXC001). 


Capacitors 
with higher ESR may reduce output voltage and efficiency. 
Note 3: Specified 
output resistance 
is a combination 
of internal switch resistance 
and capacitor 
ESR. See Capacitor 
Selection section. 
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(All curves are generated using the test circuit of Figure 1 
with V+ = SV, LV = GND, FC = open, and TA = +2SoC, 
unless otherwise noted. 
The charge-pump 
frequency 
is 
one-half 
the oscillator 
frequency. 
Test results are also 


valid for doubler 
mode with GND = +SV, LV = OUT, and 
OUT = av, unless otherwise 
noted; however, 
the input 


voltage is restricted to +2.SV to +S.SV. 
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FUNCTION 


PIN 
NAME 
INVERTER 
DOUBLER 


FrequencyControllor internaloscillator. FC = open, 
1 
FC 
lose = 10kHztyp; FC = V+, lose = 45kHztyp; FChas no 
Sameas Inverter 


effect when OSCpin is driven externally. 


2 
CAP+ 
Charge-PumpCapacitor, PositiveTerminal 
Sameas Inverter 


3 
GNO 
Power-SupplyGround Input 
Power-SupplyPositiveVoltage Input 


4 
CAP- 
Charge-PumpCapacitor,NegativeTerminal 
Sameas Inverter 


5 
OUT 
Output, NegativeVoltage 
Power-SupplyGround Input 


Low-VoltageOperation Input. Tie LVto GNOwhen i~ut vOlta~e 
6 
LV 
is lessthan 3V. Above 3V,LV may be connected to 
NOor Ie 
LVmustbe tied to OUTlor all inputvoltages. 


open; when overdriving OSC,LVmust be connected to GNO. 


OscillatorControlInput. OSCis connected to an internal15pF 
Sameas Inverter;howeverstandard logic 


7 
OSC 
capacitor. An externalcapacitor can be added to slow the oscil- 
lator. Care must be taken to minimizestray capacitance. An ex- 
levelscannot overdrive OSCinvoltage 
ternaloscillator may also be connected to overdrive OSC. 
doubler mode. Contact factory for details. 


8 
V+ 
Power-SupplyPositiveVoltage Input 
PositiveVoltageOutput 


______ 
Detai'ed Description 


The MAX660 capacitive 
charge-pump 
circuit 
either in- 
verts 
or 
doubles 
the 
input 
voltage. 
Two 
external 


capacitors 
are needed 
in the voltage 
inverting 
mode, 


while two capacitors 
and one diode are needed 
for the 
voltage doubling 
mode (see Typical Operating 
Circuits). 
For highest performance, 
low effective series resistance 
(ESR) capacitors 
should be used. 
See Capacitor Selec- 
tion section for more details. 


When using the inverting mode with a supply voltage less 
than 3V, LV must be connected 
to GND. This bypasses 
the internal regulator circuitry 
and provides 
best perfor- 
mance 
in low-voltage 
applications. 
When using the in- 
verter mode with a supply voltage above 3V, LV may be 
connected 
to GND or left open. 
The part is typically 
operated 
with LV grounded, 
but since 
LV may be left 


open, the substitution 
of the MAX660 for the ICL7660 is 
simplified. 
LV must be grounded 
when overdriving 
OSC 
(see Changing 
Oscillator 
Frequency 
section). 
Connect 
LV 
to OUT (for any supply 
voltage) 
when 
using 
the 
doubler mode. 
________ 
.App'ication Hints 


Negative Voltage Converter 


The most common 
application 
of the MAX660 
is as a 
Charge-pump 
voltage 
inverter. 
The operating 
circuit 


uses only two external capacitors, 
C1 and C2 (see Typical 
~ 
Operating 
Circuits). 
In most applications 
these are low- 
•••• 
cost, 
low-ESR, 
150~F electrolytic 
capacitors 
(Refer to 


Capacitor 
Selection section). 


Even though 
its output 
is not actively 
regulated, 
the 


MAX660 is very insensitive 
to load current 
changes. 
A 
typical 
output 
source 
resistance 
of 6.50 
means 
that 
with an input of +5V the output voltage is -5V under light 
load, 
and 
decreases 
only 
to -4.35V 
with 
a load 
of 
100mA. 
Output source resistance 
vs. temperature 
and 
supply 
voltage 
are shown 
in the 
Typical 
Operating 
Characteristics 
graphs. 


Output ripple voltage 
is calculated 
by noting the output 
current supplied 
is solely from capacitor 
C2 during one- 
half of the charge-pump 
cycle. 
This introduces 
a peak- 
to-peak ripple of: 


lOUT 
VRIPPLE= 2(fPUMP) (C2) + lOUT (ESRC2) 


For a nominal 
fpUMP of 5kHz 
(one-half 
the 
nominal 
10kHz oscillator 
frequency) 
and C2 = 150~F with an 


ESR of 0.20, 
ripple 
is approximately 
gOmV 
with 
a 


1OOmAload current. 
If C2 is raised to 390~F, the ripple 
drops to 45mV. 
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Positive Voltage Doubler 


The MAX660 operates 
in the voltage-doubling 
mode as 
shown 
in the 
Typical 
Operating 
Circuit. 
The external 
Schottky (1N5817) diode is for start-up only. The no-load 
output is 2 x VIN and is not reduced 
by the diode forward 
drop. 


Changing Oscillator Frequency 


Four modes 
control the MAX660's 
clock frequency, 
as 
listed below: 


Fe 


1) MAX660 output resistance 


2) Pump (C1) and reservoir (C2) capacitor 
ESRs 


3) C1 and C2 capacitance 


The voltage drop caused 
by MAX660 output resistance 


is the load current times the output resistance. 
Similarly, 


the loss in C2 is the load current times C2's ESR. The 
loss in C1, however, is larger because it handles currents 
that are greater 
than the load current 
during 
charge- 
pump operation. The voltage drop due to C1 is therefore 
about 4 times C1's ESR times the load current. Conse- 
quently, a low (or high) ESR capacitor 
has much greater 


impact on performance 
for C1 than for C2. 


Generally, 
as the pump 
frequency 
of the MAX660 
in- 
creases, 
the capacitance 
values 
required 
to maintain 


comparable 
ripple 
and 
output 
resistance 
diminish 
proportionately. 
The curves of Figure 2 show the total 


circuit output resistance for various capacitor 
values (the 


pump and reservoir 
capacitors' 
values are equal) 
and 


oscillator 
frequencies. 
These 
curves 
assume 
O.25Q 


capacitor 
ESRs and a 525Q 
MAX660 output resistance, 


which is why the flat portion of the curve shows a 6.5Q 
(Ro 
MAX660 
+ 4 (ESRC1) + ESRC2) effective 
output 


resistance. 
Note: Ro = 5.2SQ is used, rather than the 


typical 6.5Q, because the typical specification 
includes 


the effect of the ESRs of the capacitors 
in the test circuit. 


To reduce the output ripple caused by the charge pump, 
increase 
the reservoir 
capacitor 
C2 and/or 
reduce 
its 


ESR. Also, the reservoir capacitor 
must have low ESR if 


filtering high-frequency 
noise at the output is important. 


Oscillator 
Frequency 


10kHz 


45kHz 


See Typical Operating 
Characteristics 


Open 


FC = V+ 


Open or 
FC = V+ 


Open 


Open 


Open 


External Capacitor 


External Clock 


When FC and OSC are unconnected 
(open), the oscil- 


lator runs at 10kHz typically. 
When FC is connected 
to 
V+, the charge and discharge 
current at OSC changes 
from 1.1JlA to 5l!A, thus increasing the oscillator frequen- 
cy 4.5 times. In the third mode, the oscillator frequency 
is lowered by connecting 
a capacitor 
between OSC and 
GND. 
FC can still multiply 
the frequency 
by 4.5 times 
in this mode, but for a lower range of frequencies 
(see 
Typical Operating 
Characterisitics). 


In the inverter mode, OSC may also be overdriven by an 
external clock source that swings within 100mV of V+ and 
GND. 
Any standard 
CMOS logic output is suitable for 
driving OSC. When OSC is overdriven, FC has no effect. 
Also, LV must be grounded when overdriving OSC. Stand- 
ard logic levels cannot overdrive OSC in voltage doubler 
mode. 
Contact factory for details. 


Note: In all modes, the frequency of the signal appearing 
at CAP+ and CAP- is one-half that of the oscillator. 
Also, 


an undesirable effect of lowering the oscillator frequency is 
that the effective output resistance of the charge-pump 
increases. 
This can be compensated 
by increasing the 


value of the Charge-pump capacitors (see Capacitor Selec- 
tion section and Typical Operating Characteristics). 


In some applications, the 5kHz output ripple frequency may 
be low enough to interfere with other circuitry. 
If desired, 
the oscillator frequency can then be increased through use 
of the FC pin or an external oscillator as described above. 
The output ripple frequency is one-half the selected oscil- 
lator frequency. 
Increasing the clock frequency increases 
the MAX660's quiescent 
current, but also allows smaller 
capacitance 
values to be used for C1 and C2. 
_______ 
Capacitor Selection 


Three 
factors 
(in addition 
to load 
current) 
affect 
the 
MAX660 output voltage drop from its ideal value: 
4-122 
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Not all manufacturers 
guarantee 
capacitor 
ESR in the 


range required 
by the MAX660. 
In general, 
capacitor 
ESR is inversely proportional 
to physical 
size, so larger 


capacitance 
values and higher voltage 
ratings tend to 
reduce 
ESR. 
The capacitors 
used 
when testing 
the 
MAX660 
are 
MAXC001 
150lJ.F aluminum 
electrolytics 
available from Maxim. They combine low cost, a guaran- 
teed maximum ESR of O.2Q at room temperature, 
and a 


low-temperature 
operating 
limit of -25·C. If operation 
at 
lower 
temperatures 
is required, 
certain 
tantalum 


capacitors 
provide 
good 
low-temperature 
ESR, but at 
added expense. 


The following 
is a list of manufacturers 
who 
provide 
low-ESR electrolytic 
capacitors. 


MANUFACTURER 
CAPACITOR 
CAPACITOR 
TYPE 


IllinoisCapacitor 
RZS 
AluminumElectrolytic 


Mallory 
TDC& TDL 
Tantalum 


Nichicon 
PF& PL 
AluminumElectrolytic 


Sprague 
6720,6730, 
AluminumElectrolytic 
6740,6780 


Sprague 
1350,1730, 
Tantalum 
1990 


UnitedChemi-con 
LXF&SXF 
AluminumElectrolytic 


Cascading Devices 


To produce 
larger negative 
multiplication 
of the initital 
supply voltage, the MAX660 may be cascaded 
as shown 
in Figure 
3. 
The 
resulting 
output 
resistance 
is ap- 
proximately 
equal to the sum of the individual 
MAX660 
ROUTvalues. 
The output voltage, where n is an integer 
representing 
the number of devices cascaded, 
is defined 
by VOUT = -n (VIN). 


2 


A11AX1A4 


3 
MAX660 
4 
'1" 


Paralleling Devices 


Paralleling multiple 
MAX660s reduces 
the output 
resis- 


tance. 
As illustrated in Figure 4, each device requires its 
own pump capacitor 
C 1, but the reservoir capacitor 
C2 
serves all devices. 
The value of C2 should be increased 
by a factor of n, where n is the number of devices. 
Figure 


4 shows the equation for calculating output resistance. 


Combined Positive Supply Multiplication 


and Negative Voltage Conversion 


This dual function is illustrated in Figure 5. In this circuit, 
capacitors 
C1 and C3 perform the pump and reservoir 
functions respectively 
for generation of the negative volt- 
age. 
Capacitors 
C2 and C4 are respectively 
pump and 


reservoir for the multiplied 
positive voltage. 
This circuit 
configuration, 
however, leads to higher source impedan- 


ces of the generated 
supplies. 
This is due to the finite 
impedance 
of the common Charge-pump 
driver. 


ROUT (of MAX660) 


ROUT ~ n (NUMBER 
DF DEVICES) 


A11AX1A4 


MAX660 


'1" 


A11AX1A4 


MAX660 


'n' 


VOUT = (2VIN) 
- 


(VfO,)-(Vf02) 
I 
C4 
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Figure 6. MAX660 generating 
a +5V regulated 
output from a 
3V Lithium battery. 
Operates 
for 16 hours with 40mA 
load. 
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Dual Mode™5V/Programmable 
Micropower Voltage Regulators 


Features 


• 
Dual Mode Operation: 
Fixed +5V or Adjustable 
from +1.3V to +16V 


• 
Low Power CMOS: 12/lA Max Quiescent 
Current 


• 
40mA Output Current, with Current 
Limiting 


• 
Pin-Compatible 
Upgrade of ICL7663 


and ICL7664 


• 
+2V to +16.5V Operating 
Range 


• 
Low Battery Detector (MAX666) 


• 
No Output Over-Shoot 
on Power Up 


_______ 
Genera' Description 


The MAX663/664/666 CMOS voltage regulators have 
a maximum 
quiescent current of 12/lA. They can be 


used either as 5 volt, fixed output regulators with no 
additional 
components. 
or can be adjusted from 1.3V 


to 16V using two external resistors. Fixed or adjustable 
operation is automatically 
selected via the VSETinput. 


The MAX66X series, ideally suited for battery powered 
systems, has an input voltage range of 2 to 16.5V,an 
output 
current capability 
of 40mA, and can operate 
with 
low 
input-output 
differentials. 
Other 
features 
include current limiting and low power shut down. 


The MAX663 positive regulator and MAX664 negative 
regulator 
are both 
pin and electrically 
compatible 
with 
the 
ICL7663 
and 
ICL7664 
and 
can 
plug-in 
replace these devices. improving 
performance 
and 
eliminating 
the 
need for 
external 
resistors 
in 5V 
applications. 
The MAX666 has a positive output and 


includes on-chip low-battery detection circuitry. 


Handheld Instruments 
LCD Display Systems 
Pagers 
Remote Data Acquisition 
and Telemetry 
Radio Controlled 
Devices 
Long-life Battery Powered Systems 
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PART 
TEMP. 
RANGE 
PACKAGE 


MAX663CfD 
DOC to +7DoC 
Dice 


MAX663CPA 
DOC to +7DoC 
8 Lead 
Plastic 
DIP 


MAX663CSA 
DOC to +7DoC 
8 Lead 
Small 
Outline 


MAX663EPA 
-4DoC 
to +85°C 
8 Lead 
Plastic 
DIP 


MAX663ESA 
-4DoC 
to +85°C 
8 Lead 
Small 
Outline 


MAX663EJA 
-4DoC 
to +85°C 
8 Lead 
CERDIP 


MAX663MJA 
-55°C 
to +125°C 
8 Lead 
CERDIP 


MAX664CfD 
DOC to +7DoC 
Dice 


MAX664CPA 
DOC to +7DoC 
8 Lead 
Plastic 
DIP 


MAX664CSA 
DOC to +7DoC 
8 Lead 
Small 
Outline 


MAX663EPA 
-4DoC 
to +85°C 
8 Lead 
Plastic 
DIP 


MAX664ESA 
-4DoC 
to +85°C 
8 Lead 
Small 
Outline 


MAX664EJA 
-4DoC 
to +85°C 
8 Lead 
CERDIP 


MAX664MJA 
-55°C 
to +125°C 
8 Lead 
CERDIP 


MAX666CfD 
DOC to +7DoC 
Dice 


MAX666CPA 
DOC to +7DoC 
8 Lead 
Plastic 
DIP 


MAX666CSA 
DOC to +7DoC 
8 Lead 
Small 
Outline 


MAX666EPA 
-4DoC 
to +85°C 
8 Lead 
Plastic 
DIP 


MAX666ESA 
-4DoC 
to +85°C 
8 Lead 
Small 
Outline 


MAX666EJA 
-4DoC 
to +85°C 
8 Lead 
CERDIP 


MAX666MJA 
-55°C 
to +125°C 
8 Lead 
CERDIP 
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Maxim Integrated 
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Dual 
Mode 
is a trademark 
of Maxim 
Integrated 
Products. 


Dual Mode 5V/Programmable 
Micropower Voltage Regulators 


ABSOLUTE 
MAXIMUM 
RATINGS 


MAX663 
and MAX666 
Input 
Supply 
Voltage 
................•....•........... 
+18V 
Terminal 
Voltage 
Pins 1,3,5,6, MAX663 
- 
Pin 7, 
and 
MAX666 
- 
Pin 2, 
GND 
-0.3V 
to V'N +0.3V 
MAX683 
- 
Pin 2 
GND 
-0.3V 
to VOUT' +0.3V 
MAX666 
- 
Pin 7 
GND 
-0.3V 
to +16.5V 
Output 
Source 
Current 
MAX663,666 
- 
Pin 2 (VOUT2' VOUT) 
SOmA 
MAX663 
- 
Pin 3 (VOUTl) 
................•.......... 
25mA 
Output 
Sink 
Current, 
Pin 7 
-20mA 


ALL 
DEVICES 
Power 
Dissipation 


Plastic 
DIP (Derate 
8.3mWI'C 
above 
+50°C) 
625mW 
Small 
Outline 
(Derate 
6mW/oC 
above 
+50°C) 
450mW 
CERDIP 
(Derate 
8mW/oC 
above 
+50°C) 
800mW 
Operating 
Temperature 
Range 
MAX66XC 
O°C to +70°C 
MAX66XE 
-40°C 
to +85°C 
MAX66XM 
-55°C 
to +125°C 


Storage 
Temperature 
-65°C 
to +150°C 


Lead Temperature 
(Soldering 
10 seconds) 
+300°C 


MAX664 
Input 
Supply 
Voltage 
.... 


Terminal 
Voltage 
Pins 1.3,5,6,7 
. 
V'N -0.3V 
to GND 
+0.3V 
Pin 2 
V'N -0.3V 
to VOUT' +0.3V 
Output 
Sink 
Current. 
(Pins 
1,7) 
-25mA 


Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute 
maximum 
rating 
conditions 
for extended 
periods 
may 
affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS, 
MAX663 AND MAX666 


(V'N ; +9V, VOUT ; +5V, TA; 
+25°C, 
unless 
otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input 
Voltage 
V'N 
Over 
Temperature 
(C) 
2.0 
165 
V 
Over 
Temperature 
(E, M) 
2.2 


No Load, 
V'N ; +16.5V 


Quiescent 
Current 
10 


TA; 
+25°C 
6 
12 
I'A 
Over 
Temperature 
(C) 
15 
Over 
Temperature 
(E, M) 
20 


VSET; 
GND 


Output 
Voltage 
VOUT 
Over 
Temperature 
(C, E) 
4.75 
5.0 
5.25 
V 
Over 
Temperature 
(M) 
4.5 
5.0 
5.5 


Line 
Regulation 
t!NOUT/AV'N 
+2V'; 
V'N'; 
+15V, VOUT; 
VAEF 
0.03 
0.35 
'ioN 


MAX663: 
1mA'; 
IOUT2'; 
20mA 
3.0 
7.0 
Load 
Regulation 
AVouTI AloUT 
MAX663: 
50I'A,; 
10UTl ,; SmA 
1.0 
50 
n 


MAX666: 
1mA ,; lOUT'; 
20mA 
3.0 
7.0 


Reference 
Voltage 
VSET 
VOUT; 
VSET 
127 
1.33 
V 


Reference 
Tempco. 
AVSET/AT 
Over 
Temperature 
±100 
ppm/oC 


VSET Internal 
Threshold 
for 


VF/A 


VSET < VF/A for 
+5V Out 
50 
mV 
Fixed 
+5V or Adjustable 
Output 
VSET> VF/A for Adjustable 
Out 


VSET Input 
Current 
ISET 


Over 
Temperature 
(C, E) 
±0.01 
±10 
nA 


Over 
Temperature 
(M) 
±25 


Shutdown 
Input 
Voltage 
VSHON 


VSHON HI ; Output 
Off 
1.4 
V 
VSHON LO ; Output 
On 
0.3 


Shutdown 
Input 
Current 
ISHON 
±a.01 
±10 
nA 


SENSE 
Input 
Threshold 
VOUT - VSENSE 
Current 
Limit 
Threshold 
0.5 
V 


SENSE 
Input 
Resistance 
RSENSE 
3 
Mfl 


Input-Output 
Saturation 
V'N ; +2V, lOUT; 
1mA 
200 
500 


Resistance, 
MAX663 
- VOUTl 


RSAT 
V'N; 
+9V, lOUT; 
2mA 
70 
150 
n 


V'N; 
+15V, lOUT; 
SmA 
50 
150 


Output 
Current. 
VOUT2 
lOUT 
+3V'; 
V'N'; 
+16.5V 
40 
mA 
(VOUT on MAX666) 
V'N - VOUT ; +1.5V 


TA ; +25°C 
1.0 
Minimum 
Load 
Current 
Il(MIN) 
Over 
Temperature 
(C, E) 
5.0 
I'A 


Over 
Temperature 
(M) 
10.0 


Dual Mode 5V/Programmable 


Micropower Voltage Regulators 


ELECTRICAL 
CHARACTERISTICS, 
MAX663 AND MAX666 (continued) 


(V'N = +9V, VOUT = +5V, TA = +25°C, 
unless 
otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


LBI 
Input 
Threshold 
VLS' 
MAX666 
1.21 
1.28 
1.37 
V 


LBI 
Input 
Current 
ILB1 
MAX666 
±O.01 
±10 
nA 


LBO 
Output 
Saturation 
RSAT 
MAX666, 
ISAT = 2mA 
35 
100 
n 
Resistance 


LBO 
Output 
Leakage 
Current 
MAX666, 
LBI = +1.4V 
10 
nA 


VTC Open-Circuit 
Voltage 
VTC 
MAX663 
0.9 
V 
(Note 
1) 


VTC Sink 
Current 
(Note 
1) 
ITC 
MAX663 
8.0 
2.0 
mA 


VTC Temperature 
Coefficient 
MAX663 
+2.5 
mVrC 
(Note 
1) 


Note 
1: 
This 
output 
(MAX663 
only) 
has a positive 
temperature 
coefficient. 
Using 
it in conjunction 
with 
the input 
of the regulator 
at VSET' a 


negative 
coefficient 
results 
in the output 
voltage. 
The 
VTC pin will 
not source 
current. 


ELECTRICAL 
CHARACTERISTICS, 
MAX664 


(V'N = -9V, VOUT = -5V, TA = +25°C, 
unless 
otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input 
Voltage 
V'N 


Over 
Temperature 
(C) 
-2.0 
-16.5 
V 
Over 
Temperature 
(E, M) 
-2.2 


No Load, 
V'N = -16.5V 


Quiescent 
Current 
10 


TA = +25°C 
6 
12 
JlA 
Over 
Temperature 
(C) 
15 


Over 
Temperature 
(E, M) 
20 


VSET = GND 


Output 
Voltage 
VOUT 
Over 
Temperature 
(C, E) 
-4.75 
-5.0 
-5.25 
V 


Over 
Temperature 
(M) 
-4.5 
-5.0 
-5.5 


Line 
RegUlation 
!J.vouTItN'N 
-2V:£ 
V'N:£ -15V, VOUT = VAEF 
0.03 
0.35 
%N 


Load 
Regulation 
t:.vouTI AloUT 
VOUT2 connected 
to VOUT" 
2.0 
5.0 
n 
1mA 
:£louT:£15mA 


Reference 
Voltage 
VSET 
VOUT = VSET 
-1.27 
-1.33 
V 


Reference 
Tempco. 
AVSET/:J.T 
Over 
Temperature 
±100 
ppmfOC 


VSET Internal 
Threshold 
for 
VSET < VFfAfor 
-5V 
Out. 
Fixed 
-5V 
or Adjustable 
VF/A 
-50 
mV 


Output 
Operation 
VSET> VFfA for Variable 
Out 


VSET Input 
Current 
ISET 
Over 
Temperature 
(C, E) 
±O.01 
±10 
nA 
Over 
Temperature 
(M) 
±25 


Shutdown 
Input 
Voltage 
VSHON 
VSHON HI = Output 
Off 
-1.4 


VSHON LO = Output 
On 
-0.3 


Shutdown 
Input 
Current 
ISHDN 
±O.01 
±10 
nA 


SENSE 
Input 
Threshold 
VOUT - VSENSE 
Current 
Limit 
Threshold 
-0.6 
V 


SENSE 
Input 
Resistance 
RSENSE 
3 
Mn 


VOUT2 con nected 
to VOUTl 
Input-Output 
Saturation 
RSAT 
V'N = -2V, 
lOUT = -1mA 
150 
500 
n 
Resistance 
V'N = -9V, 
lOUT = -2mA 
40 
80 
V'N = -15V, 
lOUT = -SmA 
30 
60 


TA = +25°C 
-1.0 
Minimum 
Load 
Current 
Il(M'NI 
Over 
Temperature 
(C, E) 
-5.0 
JlA 


Over 
Temperature 
(M) 
-10.0 


Dual Mode 5V/Programmable 
Micropower Voltage Regulators 


Typical Operating Characteristics 


MAX663 
VOUT1 
INPUT-OUTPUT 
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NAME 
FUNCTION 
(See text 
for 
details) 


VOUT(1)(2) 
Regulator 
Output(s) 


V'N 
Regulator 
Input 


SENSE 
Current 
limit 
sense 
input 


LBI 
Low 
battery 
detection 
input 


LBO 
Low 
battery 
detection 
output 


SHUTDOWN 
Disables 
output 
for 
minimum 
power 
consumption 


Ground 
this 
pin for 
5V output 
or 


VSET 
Connect 
to external 
resistive 
divider 
for 
adjustable 
output 


VTe 


Temperature-proportional 
voltage 
for 
negative 
TC output 


Dual Mode 5V/Programmable 


Micropower Voltage Regulators 
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- 
Detailed Description 


As shown in the block diagrams 
for each device 


(Figures 
1, 2, and 3), the main elements 
of the 


MAX66X family 
of regulators 
are a mlcropower 


bandgap reference, an error amplifier, and one or 
two series pass output 
devices. A P-channel 
FET 
and an NPN transistor 
are used on the MAX663, 
two N-channel 
FETs are used in the MAX664 , and 


one NPN output transistor 
is used in the MAX666. 


All regulators 
also contain 
two compar.ators, one 
for current limiting 
(C1) and another which selects 
fixed SV or adjustable output operation (C2). 


The bandgap reference, which is trimmed to 1.30V 
±30mV, is internally 
connected 
to one input of the 


error amplifier, 
A1. The feedback 
signal from the 


regulator output is supplied to the A1's other input 
by either 
an on-chip 
voltage 
divider 
or by two 
external 
resistors. 
When 
VSET is grounded 
the 


internal divider provides the error amplifier's 
feed- 
back signal for a fixed SV output. 
When VSETis 
more than SOmVabove ground 
(below ground for 


the MAX664) the error amplifier's 
input is switched 
directly 
to the VSETpin and external 
resistors set 
the output voltage. 


Comparator 
C1 monitors the output current via the 
SENSE input and shuts down the regulator's 
out- 


putts) 
by disabling 
A1. An external current sense 
resistor, RCL' sets the limit value. The MAX663 and 
MAX666 current-limit 
when 
the voltage 
on RCL 
exceeds O.Sv.The MAX664 current limits at O.6V. 


The MAX663 has an additional amplifier, A2, which 
provides 
a temperature-proportional 
output, 
VTC. 


When this is summed into the inverting input of the 
error amplifier, 
a negative temperature 
coefficient 
results at the output. This is useful when powering 
liquid 
crystal 
displays 
over 
wide 
temperature 
ranges. 


The MAX666 has a third 
comparator, 
C3, which 


compares the LBI input to the internal 
1.30V ref- 


erence. The Low Batiery Output, 
LBO, is an open 


drain FET connected to Ground. The Low Battery 
threshold 
can also be set with a voltage divider at 


LBI. In addition, 
all devices also have a SHUT- 


DOWN input 
which 
disables 
the error 
amplifier 


and regulator output(s). 


Basic Circuit Operation 


Figure 4 shows the connections 
for fixed SV output 


positive and negative regulators. The VSETInput IS 
grounded 
and no external 
resistors are required. 


Figure S shows adjustable 
output 
op.eratlon with 


current 
limiting. 
The output 
voltage IS set by R1 


and R2 and the current 
limit threshold 
is set by 


RCL.VOUTshould be connected to SENSE if current 
limiting 
is not used and the SHUTDOWN 
Input 


should be grounded if not used. 


Output 
Voltage Selection 


If VSET is not connected 
to Ground, 
the output 


voltage is set by the equation: 


R1 + R2 
VOUT= VSETx -R-1-' 
where VSET= 1.30V 


or, to simplify resistor selection: 


VOUT 
R2 = R1 x (1.30V-1) 


Since the input bias current 
at VSEThas a maxi- 


mum value of 10nA, relatively large values can be 
used for R1 and R2 with no loss of accuracy. 1MO 
is a typical value for R1. The tolerance on VSETis 
guaranteed to be less than ±30mV. This allows the 
output to be preset without 
trim 
pots, using only 


fixed resistors in most cases. 


Dual Mode 5V/Programmable 
Micropower Voltage Regulators 


+6V TO +16V 
INPUT 


PIN17 = N.C. 


VOUT2 
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MAX663 
MAX666 


GNO 
SHON 


S 


V" 
SENSE 


VOUTI 
-5V 
NlAXINl 
OUTPUT 


MAX664 
Vou" 


Current 
Limiting 


Internal current limiting is activated on all MAX66X 
devices when the voltage difference between VOUT 
and the SENSE input exceeds an internal threshold. 
The limit value is externally 
set by RCL using the 


equation: 


RCL= VCL 
ICL 


VCL= O.5Vfor MAX663 and MAX666 
VCL= -O.6V for MAX664 
(VCL= VOUT- VSENSE) 
where RCL is the current 
limit sense resistor and 


ICL is the maximum current. RCLshould be chosen 
so that neither the 50mA absolute maximum output 
current specification 
nor the maximum power dis- 


sipation is exceeded. 


If current limiting 
is used, remember that the addi- 


tional voltage drop across RCL must be considered 
when determining 
the regulator's dropout 
voltage. 
If current 
limiting 
is not used, the SENSE input 


should be connected to the output(s). 


Shutdown 
Input 


The SHUTDOWN 
input allows the regulator to be 


turned off with a logic level signal. Since the current 
drain in shutdown mode is limited to the regulator's 
quiescent 
current 
(12}lA Max) this 
is sometimes 


desirable 
in applications 
where 
very 
low 
power 


consumption 
is needed. The 
SHUTDOWN 
input 
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8 


should be driven with a CMOS logic level since the 
input threshold is only O.3V(-O.3V on the MAX664). 
In TTL 
systems, an open-collector 
driver 
with 
a 


pullup resistor will work with the MAX663/666 
if a 
small collector 
current is used to keep the output's 


VSATbelow O.3V. Collector 
currents as low as l}lA 


are suitable 
since 
the 
SHUTDOWN 
pin's 
input 


current 
is less than 10nA. Note that the MAX664's 


SHUTDOWN input is activated by a negative level. 
On 
both 
positive 
and 
negative 
regulators 
the 


SHUTDOWN input should be grounded for normal 
operation. 


Low Battery 
Detection 


The 
MAX666 contains 
on-chip 
circuitry 
for 
low 


battery or low power supply detection. If the voltage 
at LBI (Low Battery Input, 
pin 3) falls below the 


regulator's 
internal 
reference 
(1.30V) then 
LBO 


(Low Battery Output, pin 7), an open drain output, 
goes low. The threshold 
can be set to any level 


above the reference voltage by connecting a resistive 
divider to LBI (Figure 6) based on the equation: 


VSATT 
R3 = R4 x (1.30V -1) 


where VSATTis the desired threshold 
of the Low 


Battery Detector and R3 and R4 are the LBI input 
divider 
resistors. Since 
LBl's 
input 
current 
is no 


more than 10nA, then R3 and R4 can have high 


Dual Mode 5V/Programmable 


Micropower Voltage Regulators 
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values to minimize 
loading. 
If, for example, VOUT 


were 5V, then a 6V low-battery 
threshold 
could be 


set using 10Mfl for R3 and 2.7Mfl 
for R4. When 
megohm resistor values are used, special attention 
should 
be paid to PC board 
leakage which 
can 
introduce error at the LBI input. 


Temperature-Proportional 
Output 


The 
VTC output 
(MAX663 
only) 
has a positive 


temperature 
coefficient 
of about +2.5mVloC. When 


connected 
to the summing 
junction 
of the error 


amplifier 
(VSET) through 
a resistor, this 
positive 


coefficient 
results in a controllable 
negative tem- 
perature coefficient 
at the output 
of the MAX663. 


At 25°C the voltage at the VTC output 
is typically 
O.9V. Figure 7 shows a simplified 
diagram 
of the 
MAX663 and the equations 
for 
setting 
both 
the 


output 
voltage and the tempco when VTC is used. 
When not used, VTCshould be left unconnected. 


Negative output temperature 
coefficients 
are most 


commonly 
used in multiplexed 
LCD 
modules 
or 
display 
systems 
to compensate 
for the 
inherent 
negative tempco of the LCD threshold. Figure 8 shows 
a MAX663 generating a temperature compensated 
VOISPfor the Maxim ICM7233 triplexed LCD display 
driver. 


Application 
Hints 


Input-Output 
(Dropout] 
Voltage 


A regulator's 
minimum 
input-output 
differential, or 


dropout voltage, determines the lowest usable input 
voltage. In battery powered systems this will determine 
the useful end-of-life 
battery voltage. The MAX663 
and MAX666 have a dropout 
voltage of 1V at full 
output. This means that as 5V regulators, for example, 
they will provide a regulated 5V output at 40mA as 
long as the input voltage is 6V or greater. 


For 
low 
current 
applications 
(lOUT < 5mA) 
the 


MAX663 can operate with input-output 
differentials 


below 1V when VOUT1is used. The dropout voltage 
will 
then depend 
on the P-channel 
output 
FET's 
saturation resistance multiplied 
by the load current 
(see MAX663 Electrical Specifications, RSAT). 
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The MAX664 (negative output) uses two N-channel 
FETs as output devices so its dropout voltage is also 
a function 
of 
RSAT times 
its 
load 
current 
(see 


Electrical Specifications). 


Output 
Connections 


When using VOUT1on the MAX663 for low current, 
low dropout applications, VOUT2and VOUT1must be 
connected together since the current limit circuitry is 
referenced only to VOUT2(Figure 1). VOUT2does not 
supply load current 
in this configuration 
since the 


base of the NPN output transistor is shorted by the 
output connection. For high current operation VOUT2 
should be used alone and VOUT1should be left un- 
connected. VOUT1is not provided on the MAX666. On 
the MAX664, VOUT1and VOUT2should 
always be 


connected together for proper operation and lowest 
dropout voltage. 


Figure 
8. Driving 
a Multiplexed 
LCD 
Display. 
Consistent 


operation 
over more 
than 400 C temperature 
span, 
as 


opposed 
to about 
10· C with 
fixed 
drive 
voltage, 
is 


allowed 
by negative 
temperature 
coefficient 
drive 


voltage 
to the displays. 
Based on EPSON 
LDB-728 


Display 
or equivalent. 


Dual Mode 5V/Programmable 
Micropower Voltage Regulators 
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Bypass Capacitors 


The MAX66X series of CMOS regulators is designed 
primarily for low quiescent current battery powered 
systems and has limited line and load regulation at 
frequencies above 10Hz. The high frequency perfor- 
mance is easily improved by adding an output filter 
capacitor 
across the load. 1OI'F is a good typical 


value. If high frequency performance is not an issue 
then an output bypass capacitor is not required. 


In battery powered systems an input capacitor helps 
to reduce noise, improve dynamic performance, and 
reduce the input rate-of-rise at the regulator's input. 
In extreme cases excessive voltage rate-of-rise at the 
inputs of CMOS devices can cause SCR latch-up. 
The low impedance of Ni-Cad and Lead-Acid batteries 
make this possible when they are switched directly to 
the regulator input with no current limiting resistance, 
inductance, or input filtering. The addition of a O.1I'F 
or greater input capacitor limits the input rate-of-rise 
to a safe level. 
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+SV/Programmable Low-Dropout 


Voltage Regulator 


_______ 
General Description 


The 
MAX667 
low-dropout, 
positive, 
linear 
voltage 


regulator 
supplies 
up to 250mA of output current. 
With 


no load, it has a typical 
quiescent 
current of 20~. 
At 
200mA 
of output 
current, 
the input/output 
voltage 
dif- 
ferential 
is typically 
150mV. 
Other features 
include 
a 
low-voltage 
detector 
to indicate 
power failure as well as 
early warning 
and low-dropout 
detectors 
to indicate 
an 


imminent loss of output-voltage 
regulation. 
A shutdown 
control disables the output and puts the circuit into a low 
quiescent-current 
mode. 


The 
MAX667 
employs 
Dual 
Mode™ 
operation. 
One 
mode 
uses 
internally-trimmed 
feedback 
resistors 
to 


produce 
+5V. 
In the second 
mode, the output may be 


varied from + 1.3V to + 16V by connecting 
two external 


resistors. 


The MAX667 is a pin-compatible 
upgrade of the MAX666 
in most applications 
where the input voltages are above 
+3.5V. 
Choose the MAX667 when high output currents 
and/or 
low dropout 
voltages 
are desired 
as well as for 
improved 
performance 
at higher temperatures. 


Battery-Powered 
Devices 


Pagers and Radio Control Receivers 


Portable Instruments 


Solar-Powered 
Instruments 


+6.3V 
_ 


BATIERY -=-1- 


/&.-I/JXI/&.-I 
/vl/J XI/vi 
is a registered 
trademark 
of Maxim Integrated 
Products. 
Dual Mode 
IS a trademark 
of Maxim Integrated 
Products. 


• 
350mV Max Dropout at 200mA 


• 
250m A Output Current 


• 
Normal Mode: 20~A Typ Quiescent Current 


• 
Shutdown 
Mode: O.2~A Typ Quiescent 
Current 


• 
Low-Battery 
Detector 


• 
Fixed +5V (Min Component 
Count) or Adjustable 


Output 


• 
+3.5V to +16.5V Input 


• 
Dropout Detector Output 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MAX667CPA 
O·C to+70·C 
8 Plastic DIP 


MAX667CSA 
O·C to+70·C 
8S0 


MAX667C/D 
O·C to+70·C 
Dice· 


MAX667EPA 
-40·C to +8S·C 
8 Plastic DIP 


MAX667ESA 
-40·C to +8S"C 
8S0 


MAX667MJA 
-SS"C to + 12S·C 
8 CERDIP 


+SV/Programmable Low-Dropout 
Voltage Regulator 


ABSOLUTE MAXIMUM RATINGS 
Input Supply Voltage 
Output Short Circuited 
to Ground 
LBO Output Sink Current 
. 
LBO Output Voltage 
.. 


SHDN Input Voltage. 
Input Voltages 
LBI, SET .. 


Continuous 
Total Power Dissipation 
Plastic DIP (derate 8.3mWrC 
above +50·C) 
SO (derate 6mWrC 
above +50·C) 
. 
CERDIP (derate 8mWrC 
above +50·C) 
. 


+18V 
1 sec 
50mA 


GNDto 
VOUT 


. .. 
-0.3V to (VIN + 0.3)V 
-0.3V to (VIN - 1.0)V 


Operating 
Temperature 
Ranges: 


MAX667CPNCSNCD 
O·C to +70·C 
MAX667EPNESA 
. 
. 
-40·C to +85·C 
MAX667MJA 
-55·C to + 125·C 
Storage Temperature 
Range 
.. -65·C to + 160·C 


Lead Temperature 
(Soldering, 
10 sec) . 
. 
+300·C 


625mW 
450mW 
800mW 


Stresses 
beyond 
those 
fisted under 
"Absolute 
Maximum 
Ratings· 
may cause 
permanent 
damage 
to the device. 
These are stress ratings 
only, and functional 


operation 
of the device 
at these 
or any other conditions 
beyond 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL CHARACTERISTICS 


(GND = ov, VIN = +9V, VOUT= +5V, unless otherwise 
specified.) 


PARAMETER 
SYMBOL 
CONDITIONS 
TA = +2S·C 
TA = TMIN to TMAX 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Voltage 
VIN 
3.5 
16.5 
V 


Output Voltage 
VOUT 
VSET= OV, VIN = 6V, lOUT = 10mA 
5 
48 
5.2 
V 


Maximum Output Current 
lOUT 
VIN = 6V, 4.5V < VOUT < 5.5V 
250 
250 
mA 


VSHON= 2V 
0.2 
1 
2 


VSHON= OV, VSET= OV 


Quiescent 
Current 
IGNO 
lOUT = OuA 
20 
25 
35 
llA 


lOUT = 100uA 
20 
30 
50 


lOUT = 200mA 
5 
15 
20 
mA 


Dropout Voltage (Note 1) 
lOUT = 100llA 
5 
60 
75 
mV 


lOUT = 200mA 
150 
250 
350 


Load Regulation 
lOUT = 10-200mA 
50 
100 
250 
mV 


Line Regulation 
VIN = 6V to 10V, lOUT = 10mA 
5 
10 
15 
mV 


SET Reference Voltage 
VSET 
1255 
1.23 
1.28 
V 


SET Input Leakage 
Current 
ISET 
VSET= 1.5V 
0.01 
±10 
+1000 
nA 


Output Leakage 
Current 
lOUT 
VSHON = 2V 
0.1 
1 
llA 


Short-Circuit 
Current 
lOUT 
(Note 2) 
400 
450 
mA 


Low-Battery 
Detector 
VLBI 
1255 
1.215 
1.295 
V 
Reference Voltage 


Low-Battery 
Detector 
Input 
ILBI 
VLBI = 1.5V 
0.01 
±10 
±1000 
nA 
Leakage Current 


Low-Battery 
Detector 
VLBO 
VIN = 9V, VLBI = 2V, ILBO = 10mA 
025 
0.4 
V 
Output Voltage 


Shutdown Threshold 
VSHON 
1.5 
1.5 
V 


Shutdown Input Leakage Current 
ISHON 
VSHON= a to VIN 
0.01 
±10 
±1000 
nA 


VSET= OV,VSHON= OV,Roo = 1001<.Q, 
0.25 
Dropout Detector Output 
VIN = 7V, lOUT = 10mA 


Voltage 
VOO 
V 
VSET= OV,VSHON= OV,Roo = 100<n, 
VIN = 4.5V, lOUT = 10mA 
4 


Note 1: 
Dropout Voltage is VIN-VOUT when VOUTfaits to 0.1V below its value at VIN = VOUT +2V. 


Note 2: 
Short-Circuit Current is pulse tested to maintain junction temperature. 
Short-circuit duratkln is limited by package dissipatkln. 


+5V/Programmable Low-Dropout 


Voltage Regulator 


Typical Operating 
Characteristics 
E 
DROPOUT 
VOLTAGE 
QUIESCENT 
CURRENT 
DO OUTPUT 
CURRENT 
vs. LOAD CURRENT 
vs. LOAD CURRENT 
vS.INPUT-oUTPUT 
DIFFERENCE 


~ 


1000 
100000 
1000 


en 
:< 
~ 
'> 
~ 
..s 100 
~ 
I 
~ 
~ 
'"~ 
0 
3 
u 
> 
~ 
~ 
~ 
=>:i' 
u 
=> 
10 
10 
(fl 
0 
~ 
5 
0 
0 
0 
C> 


10 
100 
1000 
0.1 
1 
10 
100 
1000 
50 
100 
150 
200 
250 


LOAD CURRENT 
(mA) 
LOAD CURRENT 
(mA) 
INPUT-OUTPUT 
DIffERENCE 
(mV) 


PIN 
NAME 
FUNCTION 


Dropout DetectorOutput - the collector of a 


1 
DO 
PNPpass transistor.Normallyan open circuit, 
it sources current as dropout is reached. 


RegulatedOutputVOlta~. OUTfallsto OVwhen 
SHDNisabove 1.5V.S 
determinesoutputvolt- 


2 
OUT 
age whenSETis above5OmV;otherwise,it is 
5V.OUTmustbe connectedto an outputfilter 
capacijor. 


Low-BatteryDetector. A CMOS input to an in- 
3 
LBI 
ternal 1.255Vcomparator whose output is the 
LBO pin. 


4 
GND 
Ground. 


ShutdownInput.Connect to GNDfor normal 
5 
SHDN 
operation (output active). Pullabove 1.5Vto 
disable OUT,LBO,and DOand to reduce 
quiescent currentto < 1~A. 


(Output)VoltageSet,CMOSInput. Connectto 
6 
SET 
GNDfor 5Voutput. Forother voltages,connect 
externalresistivedivider from OUT. 


Low-BatteryOutput.Anopen-drain N-channel 
7 
LBO 
transistorthat sinks current to GNDwhen LBI 
is lessthan 1.255V. 


8 
IN 
PositiveInputVoltage(unregulated) 


Figure 
1 shows a micropower 
bandgap 
reference, 
an 


error amplifier, 
a PNP pass transistor, 
and 
two com- 


parators 
as the main elements 
of the MAX667. 
One 
comparator, 
C1, selects the fixed 5Vor adjustable opera- 


tion with an external 
voltage 
divider. 
The other com- 
•• 


parator, C2, is a low-battery 
detector. 
•• 


The bandgap 
reference, 
which 
is trimmed 
to 1.255V, 
connects 
internally to one input of the error amplifier, A 1. 


The feedback 
signal from the regulator 
output supplies 


the other input of A 1from either an on-chip voltage divider 
or two external 
resistors. 
When SET is grounded, 
the 


internal 
divider 
provides 
the error 
amplifier 
feedback 


signal for a fixed 5V output. When SET is more than 50mV 
above ground, the error amplifier's input switches directly 
to SET while an external resistor divider from OUT deter- 
mines the output voltage. 


A second comparator, 
C2, compares 
the LBI input to the 


internal 
reference 
voltage. 
LBO is an open-drain 
FET 


connected 
to GND. 
The low-battery 
threshold 
can also 


be set with a voltage 
divider 
at LBI. 
In addition, 
the 


MAX667 has a shutdown 
input (SHDN) that disables the 


load and the device 
while reducing 
quiescent 
current 
when it is pulled high. 


+SVOutput 


Figure 2 shows the connection 
for fixed 5V output. The 
SET input 
is grounded, 
and 
no external 
resistors 
are 


required. 
Figure 3 shows adjustable 
output operation. 


R1 and 
R2 set the output 
voltage. 
SHDN should 
be 


grounded 
if not used. 


+5V/Programmable 
Low-Dropout 


Voltage Regulator 


Output.Voltage Selection 


If SET is connected 
to a resistive voltage divider (Figure 


3), the output voltage is set by the equation: 


VOUT = VSETx (R1 + R2)/R1, 
where VSET= 1.255V 


To simplify resistor selection: 


R2 = R1 x (VoUTNsET -1 ) 


Since the input bias current at SET has maximum value 
of 10nA, relatively large values can be used for R1and 
R2 with no loss of accuracy. 
1Mn 
is a typical value for 


R1. The VSETtolerance 
is less than ±25mV. 
This allows 


the output to be preset without trim pots, using only fixed 
resistors in most cases. 
However, when resistor values 


> 1Mn are used, pay special attention to printed circuit 
board leakage that can introduce 
error at the SET input. 


Shutdown (Standby} Mode 


SHDN puts the device 
into standby 
mode to conserve 


power. 
When this pin is held low, the Ie operates 
nor- 


mally. 
If it is driven above 
1.5V, the chip shuts down. 


Quiescent 
current 
of the MAX667 
is then reduced 
to 
<1!-!A, and OUT turns off. 


Note that the voltage for SHDN must never be more than 
O.3V higher than VIN. 


I 


I 


I 
I 


I 
I 
I 
I 
L __ 


+SV/Programmable Low-Dropout 


Voltage Regulator 


Low-Battery Function 


The MAX667 contains circuitry for low-battery 
detection. 


If the voltage 
at LBI falls below the regulator's 
internal 
reference 
(1.255V), 
LBO, an open-drain 
output, 
sinks 


current to GND. 
The threshold 
can be set to any level 
above the reference 
voltage 
by connecting 
a resistive 


divider to LBI based on the equation: 


R3 = R4 x (VBAnNLBI- 
1) 


where VBAn 
is the desired threshold of the low-battery 
detector, and R3 and R4 are the LBI input divider resistors. 


Since LBI input current is no more than 1DnA, high values 
for R3 and R4 minimize loading. 
If VOUT is 5V, a 5.5V 


low-battery 
threshold 
can be set using 8.2MQ 
for R3 


and 2.4MQ 
for R4. 
When resistor 
values> 
1MQ are 


used, 
pay special 
attention 
to PC board 
leakage 
that 


can introduce 
error at the LBI input. 


When 
the 
voltage 
at 
LBI 
is 
below 
the 
internal 
threshold, 
LBO sinks current 
to GND. 
A pull-up 
resis- 


tor of 1DkQ or more connected 
to OUT can be used 
with this 
pin when driving 
CMOS circuits. 
Any pull- 


up resistor connected 
to LBO should NOT be returned 
to a voltage 
source 
greater 
than VOUT. When LBI is 


above the threshold 
or the MAX667 is in SHDN mode, 


the LBO output 
is off. 


+SV/Programmable Low-Dropout 
Voltage Regulator 


Dropout Detector 


The minimum input-output differential, or dropout voltage, 
determines the regulator's lowest usable input voltage. 
In 


battery-operated 
systems, this determines the useful end- 


of-life battery voltage. 
The MAX667 features very low 
dropout voltage (Electrical Characteristics). 
In addition, the 
MAX667 has a dropout detector output, DO, that changes 
as the dropout voltage approaches 
its limit. DO is an open 


collector of a PNP transistor. 
The dropout voltage and the 


dropout detector both depend on the output current and 
temperature. 
When the input voltage is more than 300mV 


above the output voltage, 
the dropout 
detector 
will not 
conduct. 
As the differential decreases below 300mV, the 
DO source 
current 
increases 
abruptly. 
This 
cur- 


rent 
signals 
a warning 
that 
regulation 
is about 
to 


be lost. 


Connecting a resistor (typically 100kn) from DO to ground 
develops a voltage that can be monitored by analog circuits 
or changed to digital levels by a comparator. 
LBI may be 
used for this purpose. 
____ 
Applications 
Information 


Output Capacitor 


As with all PNP output regulators, an output capacitor (C1, 
Figure 2) is required to maintain stability. The value ranges 
from 1011Fto 10011F,depending 
on load current. 
Most 


electrolytic 
types perform well; however, those with high 


equivalent 
series 
resistance 
(ESR) may 
not maintain 


stability, 
particularly 
with high load current 
and at low 


temperatures 
where 
capacitor 
ESR tends to rise. 
It is 
recommended 
that capacitors 
with ESR below O.2n at 


+ 
C1 
I 


C2 
Io.111F 


+2S0C be used. 
The 1S011FMAXC001, available from 
Maxim, meets this requirement. 


Battery Drain 


The MAX667 
uses a PNP output 
transistor. 
When the 


input voltage falls below the desired 
output voltage, the 


PNP transistor 
is turned 
on fully as regulation 
is lost. 


Even with a load current 
of a few microamperes, 
the 
base current will be driven above SmA. Figure 6 shows 
how this base current may be significant. 
Consequent- 


ly, a mostly 
discharged 
battery 
can 
be further 
dis- 
charged 
at end-of-life. 


V 


+5V OUT 


2 
3 
4 


INPUT 
VOLTAGE 
(V) 
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Figure 4 shows how this condition 
can be modified 
by 
connecting 
DO to SHDN with a 47kQ resistor, R1, paral- 
leled with a 0.11lF capacitor 
to GND. 
This modification 
reduces the no-load quiescent 
current to approximately 
160J.!Awhen dropout is reached (Figure 7), but increases 
the dropout 
voltage 
by about 0.1V. The output voltage 
drops to approximately 
3V once DO begins 
to activate 
SHDN, 
but it does not fall to zero because SHDN ISonly 
partially activated. 


A second alternate connection 
(Figure 5) further reduces 
quiescent current near the dropout voltage, compared 
to 
the circuit in Figure 4. The output must be set with external 
resistors (R1, R2), so DO lowers the output voltage as the 
input voltage falls by sourcing 
current 
into SET via R3. 
Quiescent current remains low for inputs down to 3.5V, and 
peaks before falling to 0 at low input voltages. Although the 
current peak is higher than with the connectton In Figure 4, 
this may be more useful because the quiescent 
current 
peaks at an input voltage well below the useful range of 
most batteries (Figure 7). Also, as IN falls below 5V, OUT 
tracks IN minus the dropout vo~age. 
This connection still 
allows separate use of the SHDN input. 


Power Dissipation 


The MAX667 can regulate currents as high as 250mA and 
withstand 
input-output 
differential 
voltages 
as high as 
15.2V, but not simultaneously. 
The maximum power dis- 
sipation is dependent 
on the package 
and the tempera- 
ture (see Absolute 
Maximum 
Ratings). 
Figure 8 shows 
the maximum 
output current at various input-output 
dif- 
ferential voltages 
for the plastic 
DIP and SO packages. 


The MAX667 can withstand 
short-circuit 
loads up to 1 
second. 


800 


600 


~ 
400 
c§ 


200 


Figure 
7. 
Quiescent Current Below Dropout with Connections of 
Figures 4 and 5 


Operation From AC Sources 


The MAX667 is a micro power CMOS regulator intended 
principally 
for battery operation. 
When operating 
from 
AC sources, consider power-supply 
ripple rejection. 
The 


MAX667's 
error 
amplifier 
produces 
very 
low 
gain 


bandwidth, 
and the input power-supply 
rejection 
ratio 


(PSRR) is therefore not specified. 
Since the output must 
be connected 
to a 10llF or larger 
filter capacitor, 
the 


capacitor 
characteristics 
dominate 
the 
PSRR. 
Large 


values of input and output capacitors 
reduce the ripple. 


In addition, both DO and LBI/LBO can trigger on the lowest 
DC component 
of the ripple, particularly at high load cur- 


rents. In the case of the low-battery detector, the ripple can 
be effectively filtered out by placing a capacitor to ground 
in parallel with the LBI input pin. The high resistance values 
that can be used for the voltage divider allow relatively small 
capacitance 
values to form an effective lowpass filter at 


120Hz. 
When power is first applied, 
however, this filter 
tends to hold LBO low longer than normal. 


Transient Considerations 


The low operating current and gain-bandwidth 
product of 
the internal reference and amplifier result in limited rejection 
of fast-step input changes. 
Negative-going 
steps, which 
occur in under 100IlS, may turn off the output for several 
milliseconds. 
An input filter (nominally 10IlF) is recom- 
mended if input changes greater than 1V and faster than 
100llS (other than turn-on or turn-off) are anticipated. 


The MAX667 is not abnorrnally affected by step changes 
in its load. Figure 9 shows output response to a 4V/100IlS 
input change (no input filter), while Figure 10 shows output 
response to a 1OmA/1OOrnAinstantaneous load step. 
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+5V to .±10V Voltage Converters 


_______ 
General Description 


The 
MAX680/MAX681 
are 
monolithic 
CMOS 
dual 


charge 
pump 
voltage 
converters 
that 
provide 
±10V 
outputs from a +5V input voltage. The MAX680/MAX681 
provide both a positive stepup charge pump to develop 
+10V from +5V input and an inverting 
charge pump to 
generate the -10V output. 
Both parts have an on-chip 
8kHz oscillator. The MAX681 has the capacitors 
internal 


to the package, 
and the MAX680 requires 
4 external 
capacitors 
to 
produce 
both 
positive 
and 
negative 
voltages from a single supply. 


The 
output 
source 
Impedances 
are typically 
1500, 
providing 
useful 
output 
currents 
up to 
10mA. 
The 
low quiescent 
current 
and high efficiency 
make this 
device suitable 
for a variety of applications 
that need 
both positive 
and negative voltages 
generated 
from a 
single supply. 
__________ 
Applications 


The MAX680/MAX681 
can be used wherever 
a single 
positive 
supply 
is available and positive and negative 
voltages 
are required. 
Common 
applications 
include 
the generation 
of ±6V from a 3V battery and generation 
of ±10V from the standard +5V logic supply for use with 
analog circuitry. 
Typical applications 
include: 


±10V from +5V Logic Supply 


±6V from a 3V Lithium 
Cell 


Handheld 
Instruments 


Battery 
Operated 
Equipment 


Data Acquisition 
Systems 


Panel Meters 


Operational 
Amplifier 
Power Supplies 


• 
95% Voltage Conversion Efficiency 


• 
85% Power Conversion Efficiency 


• 
Wide Voltage Range: +2.0V to +6.0V 


• 
Only 4 External Capacitors Required - 
MAX680 


• 
No Capacitors Required - 
MAX681 


• 500~A Supply Current 


• 
Monolithic CMOS Design 


PART 
TEMP. 
RANGE 
PIN-PACKAGE 


MAX680CPA 
O·C to +7O·C 
8 Plastic DIP 


MAX680CSA 
O·C to +7O·C 
8 Narrow SO 


MAX680C/D 
O·C to +7O·C 
Dice 


MAX680EPA 
-40· C to +85· C 
8 Plastic DIP 


MAX680ESA 
-40· C to +85· C 
8 Narrow SO 


MAX680EJA 
-40· C to +85· C 
8CERDIP 


MAX680MJA 
-55·C to +125·C 
8 CERDIP 


MAX681CPD 
O·C to +7O·C 
14 Plastic DIP 


MAX681 BCPD 
O·C to +7O·C 
14 Plastic DIP 


MAX681EPD 
-40· C to +85· C 
14 Plastic DIP 


+5V 


Cl+ 
Vee 
4.7pf 


+ 


4.7pf 
V+ 
+IOY 
Cl-....•...• 
Axl ..••••.• 


Cl+ 
MAX680 


4.7IlF 
V- 
-TOV 
C2- 
4.7IlF 


GNU 


GNU 
GNU 


+5V 


Vcc 


V+ 
+lUV 


.•.•••• 
A X ,.••••••• 


MAX681 


V- 
-IOY 


GNU 
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+5V to .±10V Voltage Converters 


VCC 
.........•..................•...•... 
+6.2V 
V+ 
....•................................. 
+12V 


V- 
.......•........................••.... 
-12V 


V- Short-Circuit 
Duration 
Continuous 
V+ Current 
.............••...........•... 
75mA 
VCC dVidT 
••.•........................... 
1V1IJs 


Power 
Dissipation 


Plastic 
DIP (derate 
8.33mW/oC 
above +50°C) 
•..... 
625mW 


Small Outline 
(derate 6mW/oC 
above +50° C) 
..•..• 
450mW 


CERDIP 
(derate 8mW/oC 
above +50° C) 
..••...... 
800mW 


Storage 
Temperature 
•..............•... 
-65°C 
to +160°C 


Lead Temperature 
(Soldering, 
10 sec.) ............• 
+300°C 


Stresses beyond ''Absolute Maximum 
Ratings" may cause permanent damage to the device. These are stress ratings only. and functional operation of the 
device at these or any other conditions 
beyond 
those indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to absolute 
maximum 
rating conditions 
for extended periods may affect device reliability. 


ELECTRICAL 
CHARACTERISTICS 


(VCC = +5V, TA = +25°C, test circuit 
Figure 1, unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MAX680/ 
MAX681 
MAX681B 
UNITS 
MIN 
TVP 
MAX 
MIN 
TVP 
MAX 
vcc; 
3V, TA; 
+25°C, RL; = 
0.5 
1 
0.5 
1 


vcc; 
5V, TA; 
+25°C, RL; = 
1 
2 
1 
2 
Supply Current 
vcc; 
5V, O°C oSTA oS+70°C, RL; = 
2.5 
2.5 
mA 
Vcc; 
5V. -40°C oSTA oS+85°C, RL; = 
3 


Vcc; 
5V, -55°C oSTAoS+125°C, RL; = 
3 


SupplyVoltageRange 
MIN. oSTA oSMAX., RL ; 10kO 
2.0 
1.5 to 6.0 
6.0 
2.0 
1.5 to 6.0 
6.0 
V 


IL+; 
10mA, IL-; 
OmA, Vcc; 
5V, TA; 
+25°C 
150 
250 
150 
250 
Positive Charge 
IL+ ; 5mA, IL- ; OmA, Vcc ; 2.8V, TA ; +25°C 
180 
300 
180 
300 


Pump Output 
IL+ ; 10mA, IL- ; OmA, Vcc ; 5V 
Source Resistance 
O°C oSTA oS+70°C 
325 
380 
600 


-40°C oSTA oS+85°C 
350 


-55°C oSTA oS+125°C 
400 
n 
Ie-; 
10mA, IL+; OmA, V+; 
10V,TA; 
+25°C 
90 
150 
175 
300 


IL- ; 5mA, IL+ ; OmA, V+ ; 5.6V. TA ; +25° C 
110 
175 
180 
325 


Negative Charge 
Ie- ; 10mA, IL+ ; OmA, V+ ; 10V 
Pump Output 
O°C oSTA oS+70°C 
200 
300 
500 
Source Resistance 
-40°C oSTA oS+85°C 
200 


-55°C oSTA oS+125°C 
250 


Oscillator Frequency 
4 
8 
4 
8 
kHz 


Power Efficiency 
RL; 
10kO 
85 
85 


Voltage Conversion 
V+, RL;= 
95 
99 
95 
99 
% 


Efficiency 
V-, RL; = 
90 
97 
90 
97 


2.0 


c 
1.5 
S~ 
z 
= 
=> 
1.0 
u 
>~~ 
=>~ 


0.5 


£ 
u 
ISO 


ROUT+ 


Z~ 
;;: 
~~ 


~ 


1 
~~ 100 
=>~~ 
0 
ROUT- 
50 


a 


2.0 
3.0 
4.0 
5.0 
6.0 


Vcc [VI 
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+5V to .±10V Voltage Converters 


OUTPUT VOLTAGEYS. 


OUTPUT CURRENT 
FROM V+ TO V- 


- 
~ 
150 


~ 
u 
100 
~~~~ 
~ 
50 


_______ 
Defailed 
Description 


All circuitry needed to implement a dual charge pump 
is contained in the MAX681. Only four capacitors are 
needed on the MAX680. These may be inexpensive 
electrolytic 
capacitors with values in the range of 1pF 


to 100pF. The MAX681B contains 1pF capacitor and 
exhibits 
somewhat 
more 
output 
ripple 
than 
the 
MAX681. 8ee Typical Operating Characteristics. 


Figure 2A illustrates 
the idealized operation 
of the 
positive 
voltage 
converter. 
The 
on-chip 
oscillator 
generates a 50% duty cycle clock signal. During the 
first half of the cycle, switches 82 and 84 are open, 
switches 81 and 83 are closed, and the capacitor C1 
is charged 
to the 
input 
voltage 
Vcc. 
During 
the 
second half cycle, switches 81 and 83 are open, 82 
and 84 are closed, and the capacitor C1 is translated 
upward 
by Vcc volts. Assuming 
ideal switches and 
no load on C3, charge is transferred 
onto C3 from 
C1 such that the voltage on C3 will be 2Vcc, gene- 
rating the positive supply. 


Figure 
2B 
illustrates 
the 
negative 
converter. 
The 
switches 
of the negative converter are out of phase 


from the positive converter. 
During the second half 
of the clock cycle, 86 and 88 are open, 85 and 87 
are closed, thus charging C2 from V+ (pumped up to 


OUTPUT RIPPLE YS. 
OUTPUT CURRENT 


200 


~ 
150 


>g 


100 


'"~~~ 
50 


5 
10 
15 
20 


OUTPUT 
CURRENT 
ImAI 


Il+OR Il- 


1 CI- 


2 
C2- 


3 
C2- 


V- 


Vce 


ONO 5 


2Vcc by the positive charge pump) to GND. In the 
first half of the clock cycle, 85 and 87 are open, 86 
and 88 are closed, and the charge on C2 is trans- 
ferred 
to C4, generating 
the negative supply. The 


eight switches are CM08 
power M08FETs. 
8witches 


81, 
82, 
84 
and 
85 
are P-channel 
devices 
while 


switches 83, 86, 87, and 88 are N-channel devices. 


+5V to .±10V Voltage Converters 


I 
I 
8, 
I 
Vcc 
GND 
I 
' 
I 
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I 
C,- 
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I 
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-----Efficiency 
Considerations 


Theoretically 
a charge 
pump 
voltage 
multiplier 
can 
approach 
100% efficiency 
under the following 
condi- 


tions: 


• The charge 
pump switches 
have virtually 
no offset 
and extremely 
low on resistance 


• 
Minimal 
power is consumed 
by the drive circuitry 


• The impedances 
of the reservoir 
and pump capaci- 
tors are negligible 


For the MAX680/681, the energy 
loss per clock cycle 


is the 
sum 
of the energy 
loss 
in the 
positive 
and 


negative 
converters 
as below: 


LOSSTOT= Losspos 
+ LOSSNEG 


= Y, C1[(V+)2 
- 2 (V+)(Vccl]+ 


y, C2[(V+)2 - (V-)2] 


There will be a substantial 
voltage difference 
between 


(V+ - 
Vcc) 
and 
Vcc 
for 
the 
positive 
pump 
and 


between 
V+ and V- if the impedances 
of the pump 


capacitors 
C1 and C2 are high with respect 
to their 


respective 
output 
loads. 


Larger 
values of reservoir 
capacitors 
C3 and C4 will 


reduce 
output 
ripple. 
Larger 
values 
of 
both 
pump 


and reservoir 
capacitors 
improve 
the efficiency. 


---- 
Maximum Operating Limits 


The 
MAX680/MAX681 
have 
on-chip 
zener 
diodes 


that clamp 
Vcc 
to approximately 
6.2V, V+ to 12.4V, 
and V- to -12.4V. Never exceed the maximum 
supply 


voltage or excessive current 
may be shu nted by these 


diodes, 
potentially 
damaging 
the chip. The MAX6801 
MAX681 
will operate 
over the entire 
operating 
tem- 


perature 
range with an input 
voltage 
of 2V to 6V. 


I 
I 


v- 
I 
v- 


----------Applications 


Positive and Negative Converter 


The 
most 
common 
application 
of 
the 
MAX6801 


MAX681 is as a dual charge 
pump voltage 
converter 


which 
provides 
positive 
and negative 
outputs 
of two 


times 
a 
positive 
input 
voltage. 
For 
applications 


where 
PC board space is at a premium, 
the MAX681 


with its capacitors 
internal 
to the package 
offers the 


smallest 
footprint. 
The 
simple 
circuit 
of Figure 
3 


performs 
the same function 
using the MAX680 
and 


external 
capacitors, 
C1 and C3 forthe 
positive 
pump 


and 
C2 and 
C4 for 
the 
negative 
pump. 
In most 


applications, 
all four capacitors 
are low-cost 
10tJFor 


22tJF polarized 
electrolytics. 
When using the MAX680 


for low current 
applications, 
1tJFmay be used for C1 


and C2 charge 
pump 
capacitors, 
and 4.7tJF for the 


reservoir 
capacitors 
C3 and C4. Capacitors 
C1 and 


C3 must be rated at 6V or greater, 
and capacitors 
C2 


and C4 must be rated at 12V or greater. 


CI 
22.F 


1 CI- 
v- 
8 


2 C2- 
CI- 
I 


22.F 
3 
6 
C2- 
Vcc 


4 v- 
GND 
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3 C2- 


4 v- 


v- 
8 


Cl- I 
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The MAX680/MAX681 
are NOT voltage 
regulators: 


the output source resistance 
of either charge pump 
is approximately 
1500 at room temperature 
with Vcc 


at 5V. This means that with an input Vcc of 5V, under 
light 
load V+ will approach 
+10V and V- will be at 
-10V, but BOTH V+ and V- will droop towards 
GND 
as the current drawn from EITHER V+ or V- increases 
since the negative 
converter 
draws its power from 
the output 
of the positive 
converter. 
To predict 
the 
output 
voltages, 
treat 
the chips 
as two 
separate 
converters 
and analyze 
them separately. 
First, the 
droop 
of the negative 
supply 
(VOROP-) equals the 
current 
drawn 
from 
V- 
- 
(IL-) 
times 
the 
source 
resistance 
of the negative converter 
(RS-): 


VOROP-= IL- x RS- 


Likewise, 
the droop of the positive supply 
(VOROP+) 


equals the current 
drawn from the positive 
supply 
(IL+) times the source resistance of the positive con- 
verter (RS+), except that the current drawn from the 
positive 
supply 
is the sum of the current 
drawn by 
the load on the positive supply 
(IL+) plus the current 
drawn by the negative converter 
(IL-): 


The negative output voltage will be: 


V- = (V+ - VOROP)= -(2Vcc 
- VOROP+- VOROP-) 


~ 
)< 


22.f 
0) 
I 
Cl- 
v- 
8 
V+ OUT 


2 C2- 
CI- I 
22.f 
Q) 


22.f 


3 C2- 
Vee 6 
() 


vee IN 


~ 


4 V- 
GNO 5 


N1AXINI 
• 


MAX680 


)< 
V- OUT 
0) 
Q) 
•••• 


The positive and negative charge pumps are tested 
and 
specified 
separately 
to provide 
the separate 


values 
of output 
source 
resistance 
for 
use in the 


above formulas. 
When the positive 
charge 
pump is 


tested, 
the 
negative 
charge 
pump 
is 
unloaded. 


When the negative charge pump is tested, the positive 
supply 
V+ is from an external 
source, 
isolating 
the 


negative charge pump. 


The ripple voltage on either output can be calculated 
by noting that the current 
drawn from the output 
is 


supplied 
by the reservoir capacitor 
alone during one 


half cycle of the clock. This results in a ripple of: 


VRIPPLE= Y210UT (1/fpUMP) (1ICR) 


For the nominal 
fPUMP of 8kHz with 10/-LFreservoir 


capacitors, 
the ripple will be 30mV with lOUT at 5mA. 


Remember that in most applications, 
the lOUT of the 


positive charge 
pump 
is the load current 
PLUS the 


current taken by the negative charge pump. 


Paralleling Del/ices 


Paralleling 
multiple 
MAX680/MAX681s 
reduces the 


output 
resistance 
of both the positive 
and negative 


converters. 
The effective 
output 
resistance 
is the 


output 
resistance 
of a single device divided 
by the 


number 
of devices. As illustrated 
in Figure 4, each 


MAX680 requires separate pump capacitors 
C1 and 


C2, 
but 
all 
can 
share 
a single 
set 
of 
reservoir 


capacitors. 
±5V Regulated Supplies From 


A Single 3V Battery 


Figure 5 shows a complete 
±5V power supply using 


one 3V battery. The MAX680/MAX681 
provide +6V at 


V+, which 
is regulated 
to +5V by the MAX666, and 


-6V, which 
is regulated 
to -5V by the MAX664. The 


+5V to +10V Voltage Converters 


,.. 


CQ 
lOW BATTERY 
WARNING AT lBV 


~ 


lBO 


lBI 
SENSE 
; 
2Mn 
MAX666 


100.f 
+12V TO +6V 


+ 
+BV 


~ 


-=- 
BV TO 3V 
Vcc 
1.2Mn 
c,. 
10.F 
CQ 
lOD.f 
v· 


Cl- 
MAXI""" 


~ 


c,. MAX680 


l00~F 
V- 


c,- 
; 


GNO 
OI.F 


100.f 
MAX664 


V" 
-12V TO -BV 
VDUT l- 


VOUT 2 
-BV 
SENSE 


MAX666 and MAX664 are pre-trimmed 
at wafer sort 


and require no external setting resistors. minimizing 
parts count. The combined 
quiescent 
current 
of the 
MAX680/MAX681. 
MAX663. and MAX664 is less than 


500J.lA. while the output 
current 
capability 
is 5mA. 


The input to the MAX680/MAX681 
can vary from 3V 


to 6V without 
affecting 
regulation 
appreciably. 
With 


higher 
input 
voltage. 
more current 
can be drawn 


from the outputs 
of the MAX680/MAX681. 
With 5V at 
- 
Chip Topography 


Vcc. 
10mA 
can 
be drawn 
from 
both 
regulated 
outputs 
simultaneously. 
Assuming 
1500 
source 
resistance 
for 
both 
converters, 
with 
(IL+ + IL-) 
= 


20mA, 
the 
positive 
charge 
pump 
will 
droop 
3V. 


providing 
+7V for the negative 
charge 
pump. The 


negative charge pump will droop another 1.5V due to 
its 
10mA 
load. 
leaving 
-5.5V 
at V- 
sufficient 
to 


maintain 
regulation 
for the MAX664 at this current. 
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Battery-Powered Supply Systems 


_______ 
General Description 


The MAX714/715/716 
battery-powered 
supply 
systems 


combine 
multiple 
regulated 
voltage outputs with micro- 
processor 
supervisory 
functions 
that are optimized 
for 
battery-powered 
supplies. 
High-level 
integration 
and 
low-power 
CMOS simplify high-efficiency 
power-supply 


design in portable and battery-operated 
instruments. 


The MAX716 combines 
circuitry for four low-dropout 
lin- 
ear regulators, 
three DC-DC switching 
regulators, 
and 


power-supervisory 
functions 
on a single IC. All but one 


regulator output is logic controlled 
so that loads may be 


shut down to extend battery life. Linear-regulator 
outputs 


are pre-trimmed 
to +5V and operate with only 0.1V input- 
output 
differential. 
In addition, 
three DC-DC switching 
regulators generate a fixed negative output (-5V, -12V, or 
-15V), a software-adjustable 
negative output (-5V to -26V) 


to power LCD displays, 
and a positive 
boosted 
output 
voltage. Other functions 
include backup-battery 
switch- 
over, low-voltage 
warning, and power-fail 
reset. 


The MAX716 is supplied 
in 28-pin plastic DIP and wide 


SO packages. 
The MAX715, in 24-pin narrow plastic DIP 
and CERDIP packages, 
eliminates 
one linear-regulator 


output. The MAX714, in 16-pin packages, 
includes 
two 


linear regulators and the LCD display DC-DC converter. 


Applications 


Portable Computers 


Battery-Powered, Microprocessor-Based Systems 


Handheld 
Instruments, Terminals 


Bar-Code Readers 


Remote Data-Acquisition 
Systems 


_______ 
Pin Configurations 


Features 


• 
Four Logic-Controlled 
+SV Regulators 


• 
Three Switching Regulators 


• 
2011AQuiescent Current in Standby Mode 


• 
100mV Dropout on Linear Regulators 


• 
CMOS RAM Battery-Switchover 
Circuit 


• 
Microprocessor 
Reset r,nd Interrupt Outputs 


• 
Hardware-On 
Signal 


PART 
TEMP. RANGE 
PIN·PACKAGE 


MAX714CPE 
O·C to +70·C 
16 Plastic DIP 


MAX714CWE 
O·C to +70·C 
16 Wide SO 


MAX714C/D 
O·Cto 
+70·C 
Dice· 


MAX714EPE 
-40·C to +8S·C 
16 Plastic DIP 


MAX714EWE 
-40·C to +8S·C 
16 Wide SO 


MAX714MJE 
-SS·C to + 12S·C 
16 CERDIP 


MAX71SCNG 
O·C to +70·C 
24 Narrow Plastic DIP 


MAX71SCWG 
O·Cto +70·C 
24 Wide SO 


MAX71SC/D 
O·Cto 
+70·C 
Dice· 


MAX71SENG 
-40·C to +8S·C 
24 Narrow Plastic DIP 


MAX71SEWG 
-40·C to +8S·C 
24 Wide SO 


MAX71SMRG 
-SS·C to + 12S·C 
24 Narrow CERDIP 


Ordering 
Information 
continued 
on page 12. 


·Contact factory for dice specifications. 


C26 
C27 
~g~~lO~F 


L7 
(SEE 


INDUCTOR 
SELECTION) 
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+SV Step-Down Current-Mode PWM Regulators 


_______ 
General Description 


The MAX730/MAX738 are +5V-output CMOS, step-down, 
DC-DC switch-mode 
regulators. 
The MAX738 accepts 


inputs from +6.0V to + 16.0V and delivers up to 750mA of 
DC current. 
The MAX730 delivers 
up to 300mA 
and 
accepts inputs from +5.2V to + 11.0V. Typical efficiencies 
exceed 90%. The MAX730/MAX738 
require only a single 


inductor 
value to function 
over their entire range so no 
inductor 
design is necessary. 
Accuracy 
is guaranteed 
over 
temperature, 
line, 
and 
load 
variations. 
The 
MAX730/MAX738 
use 
a current-mode 
pulse-width 
modulation 
(PWM) controller 
to provide 
precise 
output 
regulation and low subharmonic 
noise. Typical quiescent 
supply current is 1.7mA. The MAX730/MAX738 oscillator 
frequencies 
are 
170kHz 
and 
160kHz, 
respectively, 


allowing easy filtering of ripple and noise and use of small 
external components. 


The 
MAX730/MAX738 
feature 
cycle-by-cycle 
current 


limiting, overcurrent 
limiting, undervoltage 
lockout, and 
programmable 
soft-start protection. 


For adjustable 
versions 
of these 
devices 
refer to the 
MAX750 and MAX758 data sheet(s). 
For lower-power 
step-down 
applications 
refer to the MAX638. 
Inductors 


and capacitors 
to complement the MAX730/MAX738 can 
be ordered 
directly from Maxim in production 
quantities 
(see Ordering 
Information). 
Refer to the MAXLOO1 and 
MAXC001 data sheets for detailed product specifications. 
__________ 
Applications 


Portable Instruments 


Distributed 
Power Systems 


Computer 
Peripherals 


DC-DC Converter Module Replacements 


____ 
Typical Operating Circuit 


Features 


• 
Load Currents to 750mA with No External 
MOSFET - (300m A for the MAX730) 


• 
165kHz High Frequency Current·Mode 
PWM 


• 
Small Inductor 
& No Component 
Design Required 


• 
90% Typical Efficiencies 


• 
Overcurrent, 
Soft-Start, and Shutdown 
Protection 


• 
8·Pin DIP, 16-Pin Wide SO (MAX738) 


• 
8-Pin DIP, 8·Pin SO (MAX730) 


• 
Regulates Down to 5.2V Input (6.0V for the MAX738) 


• 
Shutdown Pin 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MAX730CPA 
O'C to +70'C 
8 Plastic DIP 


MAX730CSA 
O'C to +70'C 
8S0 


MAX730C/D 
O'C to +70'C 
Dice' 


MAX730EPA 
-40'C to +8S'C 
8 Plastic DIP 


MAX730ESA 
-40'C to +8S'C 
8S0 


MAX730MJA 
-SS'C to +12S'C 
8CERDIP 


MAX738CPA 
O'C to+70'C 
8 Plastic DIP 


MAX738CWE 
O'C to+70'C 
16 Wide SO 


MAX738C/D 
O'C to+70'C 
Dice' 


MAX738EPA 
-40'C to +8S'C 
8 Plastic DIP 


MAX738EWE 
-40'C to +8S'C 
16 Wide SO 


MAX738MJA 
-SS'C to + 12S'C 
8CERDIP 


MAXC001 
-2S'C to + 10S'C 
1S0~H +20% 


MAXL001 
-SS'C to +10S'C 
100~H±1S% 


5HDN 


VREF 


55 
CC 
• 


ADVANCE INFORMATION 
First Page of Data Sheet in Preparation 


~1I1~JXI~1I1 


-5V Inverting Current-Mode PWM Regulators 


_______ 
Genera' Description 


The 
MAX735/MAX739 
are 
fixed-output, 
-5V inverting 


switch-mode regulators with internal power MOSFETs. The 
MAX739's guaranteed output current is 250mA when pow- 
ered from a +4.5V input, and exceeds 300mA when pow- 
ered from +12V. Quiescent supply current is typically 2mA, 
and falls to less than 1lJAin shutdown mode. These power- 
conserving 
features, 
in highly efficient small packages, 


make the MAX735 and MAX739 ideal for a broad range of 
on-card and portable equipment applications. 


A high-performance, 
current-mode 
PWM control scheme 
coupled 
with a simple 
buck-boost 
switching 
topology 
provides 
tight output voltage 
regulation 
and low noise. 
The oscillator 
is factory-trimmed 
to a fixed frequency 
of 
165kHz. The MAX735/MAX739 
are production 
tested in 
the actual application 
circuit, guaranteeing 
output accu- 
racy at ±5% over all line, load, and temperature conditions. 


Part 
Input Voltage 
Load Capability 


MAX735 
+4V to +11V 
200mA 


MAX739 
+4V to + 16V 
300mA 


For adjustable 
output versions, refer to the MAX755 and 
MAX759 data sheets. 


__________ 
App'ications 


Board-Level 
DC-DC Conversion 


Battery-Powered 
Equipment 


Computer 
Peripherals 


SHDN 
v+ 
.NIAXIAII 


MAX735 
VREF 
LX 


Features 


• 
Converts Positive Voltages to Negative 


• 
Guaranteed 
300m A at -5V (MAX739) 


• 
80% Typical Efficiency 


• 
2mA Typical Quiescent Current 


• 
111AShutdown Mode 


• 
Current-Mode 
PWM-Low 
Noise and Ripple 


• 
Undervoltage 
Lockout and Soft-Start 


• 
Cycle-by-Cycle 
Current Limiting 
______ 
Ordering Information 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MAX735CPA 
O'Cto 
+70'C 
8 
Plastic DIP 


MAX735CSA 
O'Cto 
+70'C 
8 SO 


MAX735C/D 
O'Cto 
+70'C 
Dice' 


MAX735EPA 
-40'C to +85'C 
8 Plastic DIP 


MAX735ESA 
-40'C to +85'C 
8 SO 


MAX735MJA 
-55'C to +125'C 
8 CERDIP 


MAX739CPD 
O'C to +70'C 
14 Plastic DIP 


MAX739CWE 
O'C to +70'C 
16 Wide SO 


MAX739C/D 
O'C to +70'C 
Dice" 


MAX739EPD 
-40'C to +85'C 
14 Plastic DIP 


MAX739EWE 
-40'C to +85'C 
16WideSO 


MAX739MJD 
-55'C to + 125'C 
14 CERDIP 
l1li 


~~I~JXI~~I 
Dual-Output, Switch-Mode 
Regulator 
(+5V to +12V or+15VJ 


_______ 
General Description 


The MAX? 42 DC-DC converter is a controller for dual-out- 
put power supplies 
in the 3W to 60W range. 
Relying on 
simple two-terminal 
inductors 
rather than transformers, 


the MAX? 42 regulates 
both outputs 
independently 
to 
within ±4% over all conditions 
of line voltage, tempera- 
ture, and load current. 


The MAX?42 has high efficiency 
(up to 92%) over a wide 
range of output loading. 
Two independent 
PWM current- 
mode feedback 
loops provide tight regulation and oper- 
ation free from subharmonic 
noise. 
The MAX?42 can 
operate at 100kHz or 200kHz, so it can be used with small 
and lightweight 
external components. 
Also, ripple and 
noise are easy to filter. The MAX? 42 provides a regulated 
output for inputs ranging 
from 4.2V to 10V (and higher 
with additional 
components). 


External 
power 
MOSFETs 
driven 
directly 
from 
the 
MAX? 42 are protected 
by cycle-by-cycle 
overcurrent 
sensing. 
The MAX?42 also features undervoltage 
lock- 
out, thermal shutdown, 
and programmable 
soft-start. 


Inductors 
and capacitors 
to complement 
the MAX?42 
can be ordered 
directly from Maxim in production 
quan- 
tities (see Ordering 
Information). 
Refer to the MAXL001 
and MAXC001 data sheets for detailed 
product 
specifi- 
cations. 
If 3W of load power or less is needed, 
refer to 
the MAX? 43 data sheet for a device with internal power 
MOSFETS. 
__________ 
Applications 


DC-DC Converter Module Replacement 


Distributed 
Power Systems 


Computer 
Peripherals 


_________ 
Pin Configuration 


____ 
.. 
Features 


• 
Specs Guaranteed 
for In-Circuit 
Performance 


• 
Load Currents 
to ±2A 


• 
4.2V to 10V Input-Voltage 
Range 


• 
Switches 
From ±15V to ±12V Under Logic 
Control 


• 
±4% Output 
Tolerance 
Max Over Temp, 
Line, and 
Load 


• 
90% Typ Efficiency 


• 
Low-Noise, 
Current-Mode 
Feedback 


• 
Cycle-by-Cycle 
Current 
Limiting 


• 
Undervoltage 
Lock-Out 
and Soft-Start 


• 
100kHz or 200kHz Operation 
______ 
Ordering 
Information 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MAX742CPP 
O'C to +70'C 
20 Plastic DIP 


MAX742CWP 
O'C to +70'C 
20 Wide SO 


MAX742C/D 
O'C to +70'C 
Dice 


MAX742EPP 
-40'C to +8S'C 
20 Plastic DIP 


MAX742EWP 
-40'C to +8S'C 
20 Wide SO 


MAX742MJP 
-SS'C to +12S'C 
20CERDIP 


/Lfl/JXI/Lfl 


/""/.)( 
""" 
is a registered 
trademark 
of Maxim Integrated 
Products. 


Dual-Output, Switch-Mode 
Regulator 


(+5V to +12V or+15VJ 


Power Dissipation 
(any Package) 
to +75·C 
Derates Above +75·C by 
Operating 
Temperature 
Ranges 


MAX742C 
MAX742E __ 
MAX742MJP 


Storage Temperature 
Range 
Lead Temperature 
(Soldering, 
10 sec.) 


.... 
500mW 
10mw(C 


· 
O·C to +70·C 
· 
-40·C to +85·C 
-55·C to +125·C 


. -65·C to + 160·C 


· 
+300·C 


........ 
-0.3Vto+12V 
.+0.3V to -17V 
. ±25V 


V+, AV+ to AGND, GND 
PDRVto 
V+ 
FB+, FB- to GND 
... 
Input Voltage to GND 


(CC+, CC-, CSH+, CSL+, CSH-, CSL-, 
SS, 100/200K, 
12/15V) 
-0 3V to (V+)+0.3V 
Output Voltage to GND 
(EXT+, PUMP) . 
EXT- to PDRV . 
. .. -0.3V to (V+)+0.3V 
.-0.3V to (V+)+0.3V 


Stresses 
beyond 
those listed under 
-Absolute 
Maximum 
Ratings· 
may cause permanent 
damage 
to the device. 
These are stress ratings only. and functIOnal 
operation 
of the device 
at these or any other conditions 
beyond 
those indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 


absolute 
maximum 
rating conditions 
for extended 
periods 
may affect device 
reliability. 


ELECTRICAL CHARACTERISTICS 
(Circuit of Figure 2, +4.5V < V+ < +5.5V.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Output Voltage, ±15V Mode 
0< 
IL < 100mA, 12/15V = OV 
TA=25·C 
1455 
15.45 
V 
(Notes 1,2) 
TA = TMIN to TMAX 
14.40 
15.60 


Output Voltage, ±12V Mode 
0< 
IL < 125mA, 12/15V = V+ 


TA=25·C 
11.64 
12.36 
V 
(Notes 1, 2) 
TA = TMIN to TMAX 
1152 
12.48 


ELECTRICAL CHARACTERISTICS 
(Circuit of Figure 2, V+ = +5V, 100/200K = 12/15 = OV; TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Line Regulation 
V+ = 4.5V to 5.5V, PDRV from PUMP 
001 
005 
%/% 


Load Regulation 
(Note 2) 
ILOAD = 0 to 100mA 
30 
100 
mV 


No-Load 
Supply Current 
No EXT+, EXT- or PUMP Load, I V+ = +5V 
3 
mA 
FB+ = FB- = open circuit 
V+ = + 10V 
10 


Undervoltage 
Lock-Out 
UVLO 
3.8 
4.2 
V 


Undervoltage 
Lock-Out 
Hysteresis 
0.2 
V 


Reference Output Voltage 
2.0 
V 


Oscillator Frequency 
fose 
100/200K = OV 
170 
200 
230 
kHz 
100/200K = V+ 
75 
100 
125 


PUMP Frequency 
foscl2 


Duty-Cycle 
Limit (Note 3) 
EXT+ or EXT- 
85 
90 
% 


Positive Current-Limit 
Threshold 
CSL+ = OV, FB+ = open circuit 
150 
225 
300 
mV 
(CSH+ to CSL+) 


Negative Current-Limit 
Threshold 
CSH- = V+, FB- = open circuit 
150 
225 
300 
mV 
(CSH- to CSL-) 


Dual-Output, Switch-Mode Regulator 


(+5V to +12V or+15VJ 


ELECTRICAL CHARACTERISTICS 
(Continued) 


(Circuit of Figure 2, v+ = +5V, 100/200K = 12/15V = oV; TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Output Voltage High 
VOH 
EXT+, EXT-,lL = 1mA, V+ = 4.5V, PDRV = -3V 
4.3 
V 


Output Voltage Low 
VOL 
EXT+, EXT-,lL = -1mA, V+ = 4.5V, PDRV = -3V 
-2.8 
V 


Output Sink Current 
V+ = 4.5V, PDRV = -3V, 
EXT+ = 4.5V 
100 
200 
mA 
TA = 25"C 
EXT- = 4.5V 
200 
350 


Output Source Current 
V+ = 4.5V, PDRV = -3V, 
EXT+=OV 
-200 
-100 
mA 
TA=25"C 
EXT- = -3V 
-350 
-200 


Output Rise/Fall Time 
EXT+, CLOAD = 2nF 
70 
ns 
EXT-, CLOAD = 4nF, PDRV = -3V 
100 


PUMP Output Voltage (Note 4) 
V+ = 4.5V, IL = -5mA, TA = 25"C 
-3 
V 


Compensation 
Pin Impedance 
CC+, CC- 
10 
kfl 


Thermal-Shutdown 
Threshold 
190 
"C 


Soft-Start Source Current 
SS = OV 
3 
7 
llA 


Soft-Start Sink Current 
V+ = 3.8V, SS = 2V 
-2 
-0.5 
mA 


Note 1: 
Devices are 100% tested to these limits under <XnAto 100nA and to 125mA load conditions using automatic test equipment. The 
ability to drive loads up to 1A is guaranteed 
by the current-limit 
threshold, 
output swing, and the output current source/sink 


tests. 
See Figures 2 and 3. 


Note 2: 
Actual load capability 
of the circuit of Figure 2 is ±2oomA 
in ±15V mode and ±250mA 
in ±12V mode. 
Load regulation 
is 
tested at lower limits due to test equipment 
limitations. 


Note 3: 
Guaranteed 
by design. 


Note 4: 
Measured 
at Point A, circuit of Figure 2, with PDRV disconnected. 


Dual-Output, Switch-Mode Regulator 
(+5V to +12V or+15VJ 
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Dual-Output, Switch-Mode Regulator 
(+5V to +12V or+15VJ 


SWITCHING 
WAVEFORMS 
Inverting 
Section 
SWITCHING 
WAVEFORMS 
Step-up 
Section 


A=Gate 
Drive, SV/div 
B=Switch 
Voltage, 
10V/div 
C = Switch 
Current, 
0.2A/div 
Horizontal 
= 2p.sl div 
ILOAD=100mA 
Circuit 
of Figure 
2 


A=Gate 
Drive, SV/div 
B = Switch 
Voltage, 
10VIdiv 
C = Switch 
Current, 
0.2A/div 
Horizontal=2p.s/div 
ILOAD=100mA 
Circuit 
of Figure 2 


OUTPUT-VOLTAGE 
NOISE, 
FILTERED 
AND UNFILTERED 


A = Noise with PI Filter, 1mVIdiv 
B = Noise without 
Filter, 20mV Idiv 
Horizontal 
= 2p.sl div 
Measured 
at -VOUT 
ILOAD=100mA 
V+=SV 
BW=SMHz 
Circuit 
of Figure 2 


A= 
+VO, 20mV/div 
B = -vo, SOmV/div 
Horizontal 
= 200p.51 div 
ILOAD=0 to ± 100mA 
Circuit 
of Figure 
2 


Dual-Output, Switch-Mode Regulator 
(+5V to +12V or+15VJ 


PIN 
NAME 
FUNCTION 


1 
FB+ 
Step-Up Feedback Input 


2 
CC+ 
Step-UpCompensationCapacitor 


3 
AGND 
AnalogGround 


4 
AV+ 
Analog Supply Voltage Input(+5V) 


- 
SelectsOsc Frequency. Groundfor 
5 
100/200 
200kHz,or tie to V+ for 100kHz. 
- 
SelectsVOUT.Groundfor ±15V,or tie to 
6 
12/15 
V+ for ±12V. 


7 
VREF 
ReferenceVoltageOutput (+2.00V) 
(force to GNDor V+ to disable chip). 


8 
SS 
Soft-StartTimingCapac~or(sources5l-'A) 


9 
CC- 
InvertingCompensationCapacitor 


10 
FB- 
InvertingSectionFeedback Input 


11 
CSL- 
CurrentSenseLow (InvertingSection) 


12 
CSH- 
CurrentSenseHigh (InvertingSection) 


13 
V+ 
High-CurrentSupplyVoltage Input(+5V) 


14 
EXT- 
Push-PullOutput - drives external 
P-channelMOSFET. 


15 
PDRV 
Voltage Input - neR-ativesupply for 
P-channelMOSFE driver. 


16 
PUMP 
Charge-PumpDriver- clock output at 
1/2OscillatorFrequency. 


17 
EXT+ 
Push-PullOutput - drives external 
logic-levelN-channelMOSFET. 


18 
GND 
High-CurrentGround 


19 
CSL+ 
CurrentSenseLow(Step-UpSection) 


20 
CSH+ 
CurrentSenseHigh (Step-UpSection) 


_______ 
Operating Principle 


Each 
current-mode 
controller 
consists 
of a summing 
amplifier that adds three signals: 
the current waveform 
from the power switch FET, an output-voltage 
error signal, 
and a ramp signal for AC compensation 
generated 
by the 
oscillator. 
The output of the summing amplifier resets a 
flip-flop, 
which 
in turn activates 
the power 
FET driver 
stage (Figure 1). 


Both external transistor switches are synchronized 
to the 
oscillator and turn on simultaneously 
when the flip-flop is 
set. The switches turn off individually 
when their source 
currents reach a trip threshold determined 
by the output- 
voltage error signal. This creates a duty-cycle 
modulated 


pulse train at the oscillator frequency, 
where the on time 
is proportional 
to both the output-voltage 
error signal and 
the peak inductor 
current. 
Low peak currents 
or high 
output-voltage 
error signals result in a high duty cycle (up 
to 90% maximum). 


AC stability 
is enhanced 
by the internal 
ramp 
signal 
applied 
to the error amplifier. 
This scheme 
eliminates 


regenerative 
"staircasing' 
of the inductor current, other- 
wise a problem 
when in continuous 
current 
mode and 
>50% duty cycle. 
Note that the slope of the ramp signal 


generated 
by the current-sense 
resistor must always be 
proportional 
to this internal ramp signal. 
Lower sense-re- 
sistor values necessitate 
lower inductor 
values in order 
to maintain 
the correct 
slope. 
As a rough 
guide 
for 
selecting 
an inductor 
value based 
on the value of the 
sense resistor, multiply by 0.001: 


L (Henries) = RSENSE(Ohms) 
x 0001 


Dual-Output, 
Switch-Mode 
Regulator 


(+5V to +12V or+15VJ 


__________ 
Detailed 
Description 


1001cHz/2001cHz Oscillator 


The MAX? 42 oscillator 
frequency 
is generated 
without 
external com ponents and can be set at 100kHz or 200kHz 
by pin strapping. 
Operating the device at 100kHz results 
in lower supply current and improved efficiency, 
particu- 
larly with light loads. 
However, component 
stresses are 
increased 
and noise becomes 
more difficult to filter. 
For 
a given 
inductor 
value, the lower operating 
frequency 
results in slightly higher peak currents in the inductor and 
switch transistor (see Typical Operating 
Characteristics, 
Peak Inductor 
Current vs. Load Current graph). 
When 
the lower frequency 
is used in conjunction 
with a LC-type 
output 
filter (optional 
components 
in Figure 
2), larger 
component 
values are required for equivalent filtering. 


E 


CSH. 
)c: 


CSL. 


~ 
v. 


EXT. 
~ 


GND 


SS 


PUMP 


EXT- 


PDRV 


CSH- 


CSL- 


HI 


Charge·Pump 
Voltage Inverter 


The Charge-pump 
(PUMP) output is a rail-to-rail 
square 


wave at half the oscillator frequency. 
The square wave 


drives an external diode-capacitor 
circuit to generate 
a 
negative 
DC voltage (Point A in Figure 2), which in turn 
biases the inverting-output 
drive stage via PDRV. 
The 


charge 
pump 
thus increases 
the gate-source 
voltage 
applied to the external P-channel FET. The low on resis- 
tance resulting from increased 
gate drive ensures high 
efficiency 
and guarantees 
start-up under heavy loads. 
If 
a -5V to -1OV supply 
is already available, 
it can be tied 
directly to PDRV and all of the charge-pump 
components 


removed. 
For input voltages 
greater 
than BV, ground 
PDRV to prevent overvoltage. 
Observe 
PDRV Absolute 


Maximum Ratings. 


Dual-Output, Switch-Mode Regulator 
(+5V to +12V or+15VJ 


Supply-Voltage Range 


Although designed for operation from a +SV logic supply, 
the MAX742 works well from 4.2V (the upper limit of the 
undervoltage 
lock-out threshold) to + 10V (absolute max- 
imum rating plus a safety margin). 
The upper limit can be 
further increased by limiting the voltage at V+ with a zener 
shunt or series regulator (see MAX742/MAX743 
Applica- 
tion Notes). 
To ensure AC stability, 
the inductor 
value 
should be scaled linearly with the nominal input voltage. 
For example, 
if the application 
circuit 
of Figure 
3 is 
powered 
from a nominal 9V source, the inductor 
value 
should 
be increased 
to 40llH 
or SOIlH. 
At high input 
voltages (>8V), the charge pump can cause overvoltage 
at PORV. If the input can exceed 8V, ground PORV and 
remove the capacitors 
and diodes 
associated 
with the 
charge pump. 


In-Circuit Testing for 
Guaranteed Performance 


The circuit in Figure 2 has been tested at all extremes of 
line, load, and temperature. 
Refer to the Electrical Char- 
acteristics 
table for guaranteed 
in-circuit 
specifications. 
Successful 
use of this circuit 
requires 
no component 
calculations. 


For designs that differ significantly 
from the basic appli- 
cations, or for those who have an academic 
interest in the 
MAX742, design and component 
information 
is covered 
in detail in UM-3, MAX742/MAX743 
Application 
Notes. 


Standard 6W Application 


The 6W supply (Figure 2) generates ±200mA at ±1SV, or 
±2S0mA at ±12V. 
By heatsinking 
the power FETs, using 
cores with higher current capability 
(such as Gowanda 
#OSOAT1003), and using higher filter capacitance, 
output 
capability 
is increased to 10W or more. 


Ferrite and MPP inductor 
cores optimize 
efficiency 
and 
size. 
Iron-powder 
toroids designed 
for high frequencies 
(such as MAXL001) are economical, 
but are larger. 
Effi- 


ciency with MAXL001 inductors 
is about 80% at full load. 


With MAXL001 
inductors 
and MAXC001 
or equivalent 
output filter capacitors, 
output-voltage 
ripple at full load 
is about 100mVp-p at the oscillator frequency 
(200kHz). 
Ripple is directly proportional to filter capacitor equivalent 


series resistance (ESR). 
In addition, 
about 2S0mV tran- 
sient noise occurs 
at the LX switch transitions. 
A very 


short scope probe ground lead or a shielded 
enclosure 
is needed for making accurate measurements 
of transient 
noise. 
Extra filtering, as shown in Figure 2, reduces both 
noise components. 


High-Power 22W Application 


The 22W application 
circuit (Figure 3) generates ±1SV at 
±7S0mA or ±12V at ±9S0mA 
Noninductive 
wire-wound 


resistors with Kelvin current-sensing 
connections 
replace 
the metal-film resistors of the previous (6W) circuit. 
Gate 
drive for the P-channel 
FET is bootstrapped 
from the 
negative 
supply 
via diode 
06. 
The 2.7V zener (OS) is 
required in 1SVmode to prevent overvoltage. 
The charge 
pump (03,04, 
and C6) may not be necessary if the circuit 


is lightly loaded 
«100mA) 
on start-up 
AlE part #41S- 


0963 is a ferrite pot-core 
inductor 
that can be used in 
place 
of the smaller, 
more expensive 
Gowanda 
moly- 
permalloy 
toroid 
inductor 
(L1, L2). 
Higher 
efficiencies 
can be achieved 
by adding 
extra MOSFETs in parallel. 


Load 
levels 
above 
10W make 
it necessary 
to 
add 
heatsinks, especially 
to the P-channel FET. 


Printed Circuit Layouts 


A good layout is essential to clean, stable operation. 
Use 
the layouts and component 
placement 
diagrams given in 


Figures 4 through 
7. 
Other construction 
methods 
may 
result in marginal performance. 
In particular, 
avoid plas- 
tic plug-in protoboards. 


Grounding 
is especially important for low-noise operation. 
Connect 
output 
loads 
directly 
across 
the output 
filter 
caps. 
A top-side 
ground 
plane will reduce 
switching 


noise and interaction between sections. 
The short analog 
ground 
strip on the pin 1 side of the IC should be con- 


nected to ground only by way of pin 2 (AGNO). 
A short 
connection 
between this strip and AGNO minimizes noise 


injected into the reference and compensation 
capacitors. 


00 not leave 12/15, 100/200, or FB floating. 


Component 
suppliers 
for the two standard 
applications 
are listed at the end of this data sheet. 
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12M 
EXT- 


SS 
Vt 


CC- 
CSH- 
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CSl- 


NOTES: 
01 = Motorola 
MTP15N05l 
02 = Motorola 
MTP12P05 


ll,l2 
= MAXl001 
C8-C12 
= MAXC001 
01,02 
= IN5817 


03,04 
= Fuji ERA82-004 or IN5817 


R2,R3 = RCO RSF1A Metal Film±3% 
l3,l4 
= Wilco MFB 250 


NOTES: 
01 = Motorola 
MTP25NOBl 


02 = International 
Rectifier IRF9Z30 
l1,l2 
= Gowanda 121AT2502VC 
R2,R3 = KRllB4-1 
±3% 


C8-C13 = Nichicon 
Pl Series (25Vor 
35V) 
Short out 05 in ± 12V Mode 
--, 
05 
IN5223 
: 
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Figure 6. PC Layout for 22W Application 
(2X Scale, Trace Side View) 
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Soft-Start 


A capacitor 
connected 
between 
Soft-Start 
(SS) and 
ground limits surge currents at power-up. 
As shown under 
Typical Operating Characteristics, 
the peak switch current 
limit is a function 
of the voltage at SS. 
SS is internally 
connected 
to a 51JAcurrent source and is diode-clamped 
to 2.6V (Figure 8). Soft-start timing is therefore set by the 
SS capacitor 
value. 
As the SS voltage 
ramps up, peak 


inductor 
currents 
rise until they reach normal operating 


levels. 
Typical 
values for the SS capacitor, 
when it is 
required at all, are in the range of 1~F to lO~F. 


Fault Conditions Enabling 55 Reset 


In addition to power-up, the soft-start function is enabled 
by a variety 
of fault 
conditions. 
Any of the following 
conditions 
will cause an internal pull-down 
transistor 
to 
discharge 
the SS capacitor, 
triggering 
a soft-start cycle: 


Undervoltage 
lock-out 
Thermal shutdown 
VREF shorted to ground or supply 
VREF losing regulation 


EXTERNAL 


SS 
CAPACITOR 


SYMPTOM 
CORRECTION 


Unstable Output. Noise or jitter on 
Loop stability problem. 


output ripple waveform. 
Scope may 
A. 
CC+ or CC- disconnected. 
not trigger correctly. 
B. 
EMI: Move inductor away from IC or use shielded inductors. 
Keep noise sources away from 


CC- and CC+. 
C 
Grounding: 
Tie AGND directly to the filter capacitor ground lead. Ensure that current 
spikes from GND do not cause noise at AGND or compensation capacitor or 
reference bypass ground leads. Use wide PC traces or a ground plane. 


D. Bypass: Tie 10~F or larger between AGND and VREF. Use 150~F to 
bypass the input right at AV+. If there is high source resistance, 1000~F or more may 
be required. 


E. Current Limiting: Reduce load currents. Ensure that inductors are not saturating. 
F. 
Slope Compensation: 
Inductor value not matched to sense resistor. 


Noisy Output. Switching is steady, 
A. 
Ground noise: Probe ground is picking up switching EM!. Reduce probe ground lead length 
but large inductive spikes are seen 
(use probe tip shield) or put circuit in shielded enclosure. 


at the outputs. 
B. 
POQ(HF response: Add ceramic or tantalum capac~ors in parallel with output filter capacitors. 


Self-destruction. 
Transistors or IC 
A 
Input overvoltage: Never apply more than + 12V. 
die on power-up. 
B. FB+ or FB- disconnected or shorted. This causes runaway and output overvoltage. 
C 
CC+ or CC- shorted. 


D. Output filter capacitor disconnected. 


Poor Efficiency. Supply current is 
A. 
Inductor saturation: 
Peak currents exceed coil ratings. 
high. Output will not drive heavy 
B. MOSFET on resistance too high. 


loads. 
C. Switching losses: Diode is slow or has high forward voltage. 
Inductor has high DC 
resistance. 
Excess capacitance at LX nodes. 


D. Inductor core losses: Hysteresis losses cause self-heating in some core materials. 
E. Loop instability: See Unstable Output above. 


No Output. 
+VO = 5Vor less, 
A. Check connections. 
VREF should be +2V. 


-YO =OV 
B. When input voltage is less than +4.2V, undervoltage lock-out is enabled. 


No Switching. ±VO are correct. but 
Output is unloaded. 
Apply ±30mA or greater load to observe waveform. 


no waveform is seen at 
LX+ or LX-. 


Dual·Output, Switch·Mode 
Regulator 


(+5V to +12V or+15VJ 


External Component 


______ 
Ordering Information 
AlE Magnetics 
2801 72nd Street N. 
St. Petersburg, 
FL 33710 


(813) 347-2181 


Coli mer Semiconductor 
(Fuji) 
14368 Proton Street 
Dallas, TX 75244 
(800) 527-0251 


Gowanda Electronics 
1 Industrial Place 
Gowanda, 
NY 14070 
(716) 532-2234 


International 
Rectifier 


233 Kansas Street 
EI Segundo, CA 90245 
(213) 772-2000 


KRL-Bantry Components 
160 Bouchard 
Street 
Manchester, 
NH 03103 


(603) 668-3210 


Motorola Semiconductor 
P.O. Box 20912 
Phoenix, AZ 85036 
(602) 244-6900 


Nichicon America 
927 East State Parkway 
Schaumberg, 
IL 60173 
(708) 843-2798 


RCD Components 
520 E. Industrial Park 
Manchester, 
NH 03103 
(603) 669-5455 


Wilco Corporation 
6451 Saguaro Court 
Indianapolis, 
IN 46268 
(317) 293-9300 


PART 
DESCRIPTION 


MAXLOO1 
100~H Toroid Inductor 


MAXCOO1 
150~F Aluminum 
Electrolytic 
Capacitor 


~~I~JXI~~I 


Dual·Output, Switch·Mode Regulator 


(+5V to +15V or+12VJ 


_______ 
Genera. Description 


The MAX743 DC-DC converter 
IC contains all the active 


circuitry 
needed to build small, dual-output 
power sup- 
plies. 
Relying on simple two-terminal 
inductors 
rather 


than transformers, 
the MAX743 regulates 
both outputs 
independently 
to within ±4% over all conditions 
of line 


voltage, temperature, 
and load current. 


The MAX743 typically 
provides 
75% to 82% efficiency 


over most of the load range. 
It operates 
with current- 
mode feedback 
at 200kHz, so it can be used with small, 


lightweight 
external components. 
Also, ripple and noise 


are easy to filter. 


The MAX743 is inherently reliable due to its internal power 
transistors 
and monolithic 
construction. 
Thermal shut- 


down prevents overheating, 
and cycle-by-cycle 
current 
sensing 
protects 
the power-switch 
transistors. 
Other 


features include undervoltage 
lock-out and programma- 


ble soft-start. 


Inductors, 
capacitors, 
and diodes 
to complement 
the 
MAX743 can be ordered 
directly from Maxim in produc- 


tion quantities 
(page 11). An evaluation kit for prototyp- 
ing (MAX743EVKIT) 
is also available (page 9) 


If higher load currents are needed, 
refer to the MAX742 
data 
sheet 
for 
a device 
that 
drives 
external 
power 


MOSFETs. 
__________ 
App.ications 


DC-DC Converter Module Replacement 


Distributed 
Power Systems 


Computer 
Peripherals 


Portable Instruments 


FB+ 


AGND 
LX+ 


GND 


v+ 


V+' 
v+ 


VREF 
12/15 


LX- 


• 
Generates 
±100mA or ±125mA 


• 
Specs Guaranteed 
for In-Circuit Performance 


• 
±4% Output Tolerance 
Max Over Temp, Line, and 


load 


• 
82% Typ Efficiency 


• 
low-Noise, 
Current-Mode 
Feedback 


• 
On-Board Current Limiting 


• 
Thermal Shutdown Protection 


• 
Undervoltage 
lock-Out 
and Soft-Start 


• 
Switches From ±15V to ±12V Under logic 
Control 


• 
Evaluation 
Kit Available 


• 
Internal Power MOSFETs 


______ 
Ordering Information 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MAX743CPE 
O'C to +70'C 
16 Plastic DIP 


MAX743CWE 
O'C 10+70'C 
16 Wide SO 


MAX743C/D 
O'C to +70OC 
Dice 


MAX 743EPE 
-40'C to +85'C 
16 Plastic DIP 


MAX743EWE 
-40'C to +85'C 
16 Wide SO 


MAX743MJE 
-55'C to +125'C 
16CERDIP 


.•.•", •.•.•J X I .•.•"'1 
Maximlntegrated 
Products 
4-169 


.•••"" 
.•••J X , .••• 
"'. is a registered 
trademark 
of Maxim Integrated 
Products. 
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ELECTRICAL CHARACTERISTICS 


(Circuit of Figure 1, +4.5V < V+ < +5.5V, Note1.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Output Voltage 


OmA..< ILOAD < 100mA 
TA = +25"C 
14.55 
15.45 


±15V Mode 
V 
12/15 = OV 
TA = TMIN to TMAX 
14.40 
15.60 


OmA..< ILOAD < 125mA 
TA = +25"C 
11.64 
12.36 


±12V Mode 
V 
12/15=V+ 
TA = TMIN to TMAX 
11.52 
12.48 


ELECTRICAL CHARACTERISTICS 


(Circuit of Figure 1, V+ = +5.0V, 12/15 pin = OV, ILOAD = 0, TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


I LX = MAXL001 
79 
Efficiency 
ILOAD = ±50mA 
I LX = MPP Toroid 


% 


82 


Supply Current (Note 2) 
20 
30 
mA 


Standby 
Current 
VREF = +5V, includes 
VREF current 
2.2 
4 
mA 


Line Regulation 
V+ = +4.5V to +5.5V 
0.05 
%/% 


Load Regulation 
ILOAD = 0 to 100mA 
1 
% 


Reference Voltage 
VREF 
2.0 
V 


Oscillator Frequency 
170 
200 
230 
kHz 


Undervoltage 
Lock-Out 
Measured 
at V+ 
38 
42 
V 


Thermal Shutdown Threshold 
+190 
"C 


LX+ On Resistance 
(Note 3) 
12 
30 
n 


LX- On Resistance 
(Note 3) 
1.0 
2.2 
n 


LX+ Leakage 
Current (Note 4) 
LX+ = +17V, V+ = 6V 
100 
~A 


LX- Leakage 
Current (Note 4) 
LX- = -17V, V+ = 6V 
-100 
~A 


Compensation 
Pin Impedance 
CC+,CC- 
10 
kn 


Soft-Start Source Current 
SS = OV 
3.0 
70 
~A 


Soft-Start Sink Current 
SS = 2V, V+ = 3.8V 
0.5 
2.0 
mA 


Note 1: All devices 
tested to full-load conditions 
with 50ms pulsed loads using automatic 
test equipment. 
In continuous 
operation, 
the 


maximum 
allowable 
output current is determined 
by package 
thermal characteristics 
and passive component 
ratings. 


Note 2: Total supply current including 
inductor current. 
The worst case for supply current occurs at low input voltage. 


Note 3: Guaranteed 
by design, 
not 100% tested. 
Output currents are 100% tested. 
Note 4: Tested at wafer level only, not in packaged 
form. 


Dual-Output, Switch-Mode Regulator 


(+5V to +15V or+12VJ 


ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 
(V+ or AV+ to GND) 
. 


2.0A 
-2.0A 
See Figure 2 


Operating 
Temperature 
Range 


MAX743C __ 
MAX743E __ 
MAX743MJE 
Junction Temperature 


MAX 743C/E 
+150'C 


MAX743MJE 
+175'C 


Storage Temperature 
Range 
-65'C to + 160'C 


Lead Temperature 
(Soldering, 
10 sec.) 
+300'C 


.O·C to +70'C 


-40'C to +85'C 


-55'C to +125'C 


+7V, -o.3V (±12V Mode) 
+6V, -0.3V (±15V Mode) 
Output Switch Voltages (LX+ to GND) . 
+ 17V, -0.3V 


(LX-toV+) 
. 
-23V, +0.3V 
Output Switch Currents 
(LX+ Sink Current, Peak) 
. 


(LX- Source Current, Peak) 
Power Dissipation 


Stresses 
beyond 
those listed under 
-Absolute 
Maximum 
Ratings· 
may cause permanent 
damage 
to the device. 
These are stress ratings 
only, and functional 


operation 
of the device 
at these or any other conditions 
beyond 
those indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 


absolute 
maximum 
rating conditions 
for extended 
periods 
may affect device 
reliability. 


CAUTION· 
OBSERVE 
PROTOTYPING 
PRECAUTIONS 
BELOW 


DO NOT INSERT DEVICE INTO SOCKET WITH POWER APPLIED. 


BE CERTAIN THAT OUTPUT FILTER CAPACITORS ARE CONNECTED. 


DO NOT SOLDER OR WORK ON CIRCUIT WHILE POWER IS APPLIED. 


• 
OBSERVE SUPPLY VOLTAGE RATINGS CAREFULLY. 


MAXIMUM 
LOAD 
CURRENT 


±15V 
vs TEMPERATURE 


±12V 
IDII 


MODE 
MODE 
l 
100 
125 


5 
90 
112 
~ 
80 
100 
~ 
70 
87 
i 


60 
CIRCUIT Of fiGURE 1, 
75 


STILL AIR, V+ TRACE AREA = 0.35' 
x 0.35", 


50 
SOLDERED TO 80ARO, 
62 
~ 
80TH OUTPUTS LOADED 
40 
50 


3D 
40 
50 
60 
TO 
80 
90 
100 
110 
120 


AM81EHT TEMPERATURE lOCI 


CF- 
1100W 


Notes: 
LX Inductors: 
MAXL001 or equivalent. 


CF Filter Capacitors 
MAXC001 
or 


lO011Flow-ESR equivalent. 


C1 Bypass Capacitor: 
MAXC001 
or 2211F16V 


Tantalum or equivalent. 


C4 Soft-Start Capacitor 
is optional. 


DX Schottky 
Diodes: 
1N5817 or equivalent. 


Dual-Output, Switch-Mode Regulator 
(+5V to +15V or+12VJ 


EFFICIENCY 
vs 
LOAD 
CURRENT 
(±15V 
MODE) 


90 


85 


80 


~ 
75 


~~ 
70 
z~" 
0: 
65 
tt; 


60 
CIRCUIT Of fiGURE 
1 
OX = lN5817 


55 
LX = GOWINIIoI 51-559 
(MPP 
CORE) 
TA = +25°C 


50 
0 
±25 
±50 
±75 
±100 


LOAD CURRENT (mA) 


EFFICIENCY 
vs 
LOAD 
CURRENT 
(±12V 
MODE) 


90 


85 


80 


~ 
75 
~ 
~ 
I 
~ 
70 
z 
"~ 
65 
~ 
60 
CIRCUIT Of fiGURE 
1 
OX = IN5817 


55 
LX = GOWINIIoI 51-559 
(MPP 
CORE) 


fA = +25°C 


50 


0 
±25 
±50 
±75 
±IOO 
±125 


LOAD CURRENT (mA) 


CIRCUIT Of fiGURE 
I 


V+ 
= +5V 
'- 
~ 


I,UlOD= 0 


±'5i 
MODE 


±12V 
MODE 


SHUTDOWN 
MODE 
IVREf 
= v., - 


UNDERVOLTAGE 
LOCK·OUT 
HYSTERESIS 


22 


21 


OUTPUT 
RIPPLE 
vs 
LOAD 
CURRENT 


100 


90 
CIRCUIT Of fiGURE 
I 
Cf = MAXCOOI 
1 
80 
±15V 
MODE 
V· 
= .5V 
! 
70 
TA = +25°C 
~ 
60 
~ 
50 
~ 
40 
!S 
~ 
30 
~ 
20 


10 


1 20 
~ 
19 
B 
18 


~ 
~ 
1:3g 


CIRCUIT Of fiGURE 
I 
..•- 


±15V 
MOOE 
-- 


TA = +25°C 


LOCK-OIIT 
EN~8LEO 


---+- -::: '+- 
./ 
I 
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PIN 
NAME 
FUNCTION 


·1 
CC+ 
Step-Up Compensation 
Capacitor 


2 
AGND 
Analog Ground 


3 
AV+ 
Analog Supply Voltage Input (+5V) 


4,5 
V+ 
High-Current 
Supply Voltage 


Input (+5V); N.C. for CERDIP Package 


6 
VREF 
Reference Voltage Output (+2.00V) 


7 
SS 
Soft-Start Timing Capacitor (Sources 5J.lA) 


8 
CC- 
Inverting Compensation 
Capacitor 


9 
FB- 
Inverting-Section 
Feedback 
Input 


10 
LX- 
Inverting-Section 
Switch Output 


- 
Selects VOUT: 
Ground for ±15V or 
11 
12/15 
tie to V+ for ±12V 


12,13 
V+ 
High-Current 
Supply Voltage Input (+5V) 


14 
GND 
High-Current 
Ground 


15 
LX+ 
Step-Up 
Section Switch Output 


16 
FB+ 
Step-Up Section Feedback 
Input 


Operating Principle 


Each 
current-mode 
controller 
consists 
of a summing 
amplifier 
that adds three signals: the current waveform 
from the power switch FET, a VQUT-VREF error signal, 
and a ramp signal for AC compensation 
generated 
by the 
oscillator (Figure 3). The output of the summing amplifier 
gates 
a flip-flop, 
which 
in turn drives 
the power 
FET 
switch. 


Both switches are synchronized 
to the oscillator and turn 
on simultaneously 
when the flip-flops are set. The transis- 


tors turn off individually 
when their switch currents reach 
a trip 
threshold 
determined 
by the VQUT-VREF 
error 


signal. 
This creates a duty-cycle 
modulated 
pulse train 


at 200kHz, where the on time is proportional 
to both the 
output voltage error signal and the peak inductor current. 
Low peak currents 
or high output voltage 
error signals 
result in a high duty cycle (up to 90% maximum). 


The MAX743 oscillator 
frequency 
is generated 
without 
external components 
and is not adjustable. 
The device is 
laser-trimmed 
to 200kHz at wafer level, resulting in clean, 


predictable 
operation. 


In-Circuit Testing for 1:11 


____ 
Guaranteed Performance 


The circuit 
in Figure 1 has been tested at all line, load, 
output current, and temperature 
limits. Refer to the Elec- 


trical Characteristics 
table for guaranteed 
in-circuit spec- 


ifications. 
Successful 
use of this 
circuit 
requires 
no 
component 
calculations. 


Many modifications 
of this basic circuit, such as remote 
shutdown, 
reduced 
noise, nonstandard 
passive compo- 
nents, and oddball 
inpuVoutput voltages, are explored 
in 


an application 
note. Refer to UM-3, 
MAX742/MAX743 
Application 
Notes. 


____ 
Standard 3W Application 


With MAXL001 
inductors 
and MAXC001 
or equivalent 


output filter capacitors, 
output voltage ripple at full load 


is about 75mVp-p 
at the oscillator 
frequency 
(200kHz). 


In addition, about 250mV transient noise occurs at the LX 
switch transitions. 
Extra filtering (Figure 9) reduces 
both 


noise components. 


The choice 
of inductor type involves a trade off, which 


optimizes either cost and size or EMI and noise performance. 
Suggested design approaches for mainstream applications 
are given in the Component Design Chart of Table 1. 
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+sv 


~ 


INPUT 
cc- 
O1~F J 
Cl 
+ 
:.< 


v+ 
v+ 
J 
i 


LX+ 


C3 
• 


lO~F J 


---~'------~! 
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ERROR AMPS 
CURRENT -MODE 
POWER 


CONTROLLERS 
MOSFETs 


DESIGN REQUIREMENT 


LOW COST, LOW NOISE 
LOWEST 
COST 
WIDE TEMP RANGE 
MINIATURE 
SURFACE 
MOUNT 


INDUCTOR 


Iron-Powder 
Toroid 
Ferrite Bobbin 
Many Types OK 
Hi-Flux (MPP) Toroid 
Hi-Flux (MPP) Toroid 


+ 0.6" Diameter 
+ 06' 
Long 
• 0.28' Diameter 
• Surface Mount 
• Low EMI 
• Some Noise 
• Low EMI 
Version 
• 79% Efficiency 
• 82% Efficiency 
• 80% Efficiency 


MAXL001 Sold by Maxim 
C # 7070-25 
Gowanda 
Corp. 
Gowanda 
Corp. 
G # GA 10-103K 
All Listed Inductors 
G#51-548 
1# LS4-100 
Part # 51-559 
Part # 51-560 


CAPACITOR 


15011FLow-ESR 
22011FStandard 
Solid Tantalum 
4711FTantalum!! 
3311FTantalum!! 
Aluminum Electrolytic 
Aluminum Electrolytic 
(Sintered Anode) 
4.711FCeramic 
3311FTantalum 


• -25"C to +105'C 
• O'C to +85'C 
• -55'C to +125'C 
• O'C to +70'C 
• Lowers Ripple 
• 16V or up 
• Lowers Ripple 
• May Need Additional 
• O"C to +70'C 
• Radial Mount 
Compensation 


MAXC001 Sold by Maxim 
Multiple Suppliers 
THF Series Mallory 
RPE230 Series 
267 Series 
Nichicon 
PL Series 
Murata Erie 
Matsuo 


RECTIFIER 


1N5817 
1N5817 
1N5802 
MBR030 
PRLL5817 
(UES1102) 
Motorola 
AmperexlPhillips 


PRINTED 
CIRCUIT 
LAYOUT 


See Figure 6 
See UM-3 MAX742/743 
Modify Layout 
Modify Layout 
See UM-3 MAX742/743 
Application 
Notes 
of Figure 6 
of Figure 6 
Application 
Notes 


Dual-Output, Switch-Mode 
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Printed Circuit Layout for 


____ 
Radial-Mount Components 


Clean, stable operation requires a good layout (Figure 6). 
Grounding 
is especially 
important 
for low-noise 
opera- 
tion. Do not connect the short analog-ground 
strip on the 
Pin 1 side of the IC to the ground 
plane or any other 
ground. 
A short connection 
between this strip and AGND 
minimizes 
noise coupled 
to the reference 
and compen- 
sation capacitors. 
All V+ pins on plastic DIP and wide SO 
packages 
are connected 
to a lead frame designed 
for 
low thermal resistance. For maximum heatsinking, 
solder 
Pins 4, 5, 12, and 13 directly to a large copper trace. For 
±12Voperation, 
cut the thin trace connected 
to 12/15 and 
install jumper, J1. 


GOWANDA 
PART # 51-559 
(716)532-2234 
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Figure 7. Component 
Placement 
Diagram 
for PC Layout of Figure 6 


Table 2. Trouble Shooting Chart 


SYMPTOM 
CORRECTION 


Unstable 
Output. 
Noise or jitter 
Loop stability problem. 
on output ripple waveform. 
A 
CC+ or CC- disconnected. 
Scope may not trigger correctly. 
B. 
EMI: 
Move inductor away from IC or use shielded 
inductors. 
Keep noise sources away from 


CC- and CC+. 
C 
Grounding: 
Tie AGND directly to the filter capacitor 
ground 
lead. 
Ensure that current 
spikes from GND do not cause noise at AGND or any of the comp capacitor 
or 


reference 
bypass ground 
leads. 
Use wide PC traces or a ground 
plane. 
D. Bypass: 
Tie 1.01lF ceramic 
or larger between AGND and VREF. 
Use 221lF tantalum 
to 
bypass the input right at AV+. 
If there is high source resistance, 
1000llF or more may 
be required. 
E. Current Limiting: 
Reduce load currents. 
Ensure that inductors 
are not saturating. 


Noisy Output. 
SWitching is 
A 
Ground noise: 
Probe ground 
is picking 
up switch noise. 
Reduce probe ground 
lead length 
steady, but large inductive 
spikes 
(use probe tip shield). 
are seen at the outputs. 
B. 
Poor HF response: 
Add ceramic or tantalum capacitors in parrallel with output filter capacitors. 


self-destruction. 
Parts die on 
A 
Input overvoltage: 
Never apply more than +6V to V+ in ±15V mode or +7V in ±12V mode. 


power-up. 
B. 
FB+ or FB- disconnected 
or shorted. 
This causes runaway and output overvoltage. 
C. CC+ or CC- shorted. 
D. Filter capacitor 
disconnected. 


Poor Efficiency. 
Supply current 
A 
Inductor saturation: 
Peak currents exceed 
coil ratings. 
is high. 
Output will not drive 
B. 
Inductor value too low or too high. 
heavy loads. 
C. Switching 
losses: 
Diode is slow or has high forward voltage. 
Inductor 
has high DC 
resistance. 
Excess capacitance 
at LX nodes. 


D. Inductor core losses: 
Eddy currents 
cause self-heating 
in some core materials. 


E. Loop instability: 
see Unstable Output above. 


No Out~ut. 
+VO; 
5V or less, 
A 
Check connections. 
VREF should be +2V. 
-VO; 
0 
. 
B. When input voltage 
is less than +4.2V, undervoltage 
lock-out is enabled. 


No Switching. 
±VO are correct, 
Output is unloaded. 
Apply ±10mA or greater load to observe waveform. 
but no waveform 
is seen at 
LX+ or LX-. 


Dual-Output, 
Switch-Mode 
Regulator 


(+5V to +15V or +12VJ 


MAX743EVKIT 
___ 
Power-Supply 
Evaluation 
Kit 
(+5V to ±15V or ±12VJ 


Description 


The MAX743EVKIT Evaluation Kit demonstrates 
the out- 
put capabilities 
and noise performance 
of the MAX743 


standard 
application 
circuit (Figure 1). The kit includes 


main switching 
components 
identical 
to those found in 


the high-volume 
production 
kit described 
on page 
11 


(MAX743CPEKIT). 
With a few quick modifications, 
the 


circuit can also serve as a low-noise test bed to evaluate 
other 
components, 
such 
as the miniature 
MPP toroid 


inductor 
of Figure 5. 
The kit includes 
optional 
Pi filters 


shown in the Functional Diagram (Figure 4), which reduce 
output noise to less than 2mVp-p. 


Evaluation 
Kit Contents 


(1) Single-Sided 
FR4 PC Board with Low-Noise Layout 


(1) MAX743CPE Plastic DIP IC 


(2) MAXL001 Toroid Inductors (LX+, LX-) 


(2) 1N5817 Schottky Diodes (DX+, DX-) 


(3) MAXC001 Filter and Bypass Capacitors (C1, CF+, CF-) 


(1) O.1~F Ceramic Capacitor 
(C2) 


(2) O.01~F Ceramic Capacitors 
(CC+, CC-) 


(1) 1O~F Tantalum Capacitor 
(C3) 


(2) 22~F Tantalum Capacitors 
(Pi Filter: C5, C6) 


(2) 25~H Bobbin Inductors (pi Filter: L1, L2) 


(1) 1Q 1/2W Carbon Resistor 


(2) 180Q 2W Carbon Resistors 


Evaluation 
Kit Assembly 
and Test Instructions 


Tools: 
Soldering 
iron, 
rosin-core 
solder, 
22 AWG 


stranded 
hookup wire, side cutters, wire strippers, 
utility 
knife, +5V @ 1A supply, oscilloscope, 
10X probe, and a 
DC voltmeter. 


1. Build Circuit. 
Assemble the PC board according 
to 
the component 
placement 
diagram 
of Figure 7 and the 


schematic 
of Figure 4. 
3 resistors will be left over (and 


used for testing). 
The extra holes near LX and CF are 
options for nonstandard 
component 
sizes. 
Do not install 


jumper, J1, or C4. 


2. 
Apply Power. 
Apply 
a +5V source 
with 
1A load 


capability 
to V+, and measure the outputs 
CAUTION: 


Measure 
the source 
carefully 
before 
applying 
power 
because overvoltage 
may damage the device. 
Be care- 
ful while handling 
the board to avoid shorting CC+ and 
CC- while power is applied. 


3. 
Load Outputs. 
Connect 
a 180Q 2W resistor across 
each 
output 
to observe 
full-load 
characteristics. 
The 
oscillator can be monitored indirectly 
by observing, 
via a 
scope probe, the inductive-switching 
waveforms 
on LX- 


or LX+. Some ringing at these nodes is normal. 


4. 
Observe Noise. 
Move the output hookup wire con- 
nections from va to the terminals marked NO FILT, and 
remove the 22~F 
capacitors 
(C5 and C6) to route the 
outputs around the small inductors. 
This demonstrates 
performance 
without 
extra filtering 
components. 
The 
25~H bobbin inductor has a maximum resistance of 1.5Q, 
so the filter can introduce 
150mV of added load regulation 
error in ±15V mode (100mA x 1.5Q). 


Figure 8. Noise Measurement 
/II"I/J 
X 1/11"1 
4-1n 


Dual·Output, Switch·Mode 
Regulator 


(+5V to +15V or+12VJ 


5. 
Noise: 
Real or Not? 
A very short scope 
probe 


ground lead must be used to eliminate induced switching 
noise unless the board is placed in a shielded enclosure. 
Many probes have a ground ring near the tip (underneath 
the probe tip cover) normally used to insert the tip into a 
BNC jack. 
Place the probe 
so this probe ground 
ring 
touches the filter capacitor 
ground lead while the probe 


tip touches VO (Figure 8). Also, ground noise can often 
be reduced 
by connecting 
the case (earth) ground of the 
+5V source to circuit ground. 


6. Observe Inductor-Current 
Waveform. 
Insert the 10 
resistor provided 
between the LX- inductor and ground. 


Put the scope probe on the resistor (DC coupling) 
At full 
load, the inductor 
current will not decay to 0 with each 


cycle, and the waveform will appear as a triangle super- 
imposed on a large (400mA) negative DC pedestal. 


7. Verify Feedback Action. 
Varying the supply voltage 


causes distinct changes in duty cycle, which can be seen 
in the inductor-current 
waveform. 
If a decade 
resistor 
box or power rheostat is available, overcurrent 
protection 


can be exercised. 
The current-limit 
circuit functions 
as 


an output power limiter, so as load resistance is reduced, 
the output voltage gradually 
decreases. 


__________ 
Sott-Start 


Normally, the Soft-Start pin (SS) can be left open. 
How- 


ever, to limit surge current at start-up, a capacitor 
can be 


connected 
between SS and ground. 


As shown in Figure 10, the peak switch current limit is a 
function of the voltage at the Soft-Start pin. The SS pin is 
connected 
to a 5!!A current source that is diode clamped 


to 2.6V, so the duration 
of soft-start current limiting can 
be set by attaching 
a capacitor 
between SS and ground. 
Additionally, 
the fault conditions 
that normally disable the 
IC also turn on an N-Channel 
MOSFET and rapidly dis- 


charge the SS capacitor 
to ground (Figure 11). 


Fault Conditions Enabling 55 Reset 


Undervoltage 
Lock-out 
Thermal Shutdown 
VREF shorted to GND or supply 
VREF losing regulation 


NOTES: 
1SV MODE; 
MEASURED 
AT +VO: 


V+ = sV; IlOAO = SOmA; CF = MAXCOO1; 
FILTER 
= 2SpH AND 
2.2jJF; BW = SMHz. 
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Dual-Output, Switch-Mode 
Regulator 


(+5V to +15V or+12VJ 


EXTERNAL 


55 
CAPACITOR 


Production 
kits for high-volume 
manufacturing 
as well as 


evaluation 
kits for prototyping 
can be ordered 
directly 


from Maxim. 
Both kits include key external components, 
such as MAXL001 
low-loss 
iron-powder 
inductors 
and 
MAXC001 low-ESR capacitors, 
but the evaluation kit also 
includes 
a PC board, optional 
Pi filter components, 
and 
compensation 
capacitors. 
MAXL001 and MAXC001 can 
also be ordered 
individually. 
The production 
kit is avail- 


able in commercial 
and extended temperature 
ranges. 


Production Kit Contents 


Integrated 
Circuit (Plastic DIP) 


150~F Capacitors 
100~H Inductors 
Schottky Rectifiers 


(1) 
MAX743 
(3) 
MAXC001 
(2) 
MAXL001 


(2) 
1N5817 


PART 
DESCRIPTION 


MAX743EVKIT 
Evaluation Kit 


MAX743CPEKIT 
Production 
Kit (O"C to +70°C) 


MAX743EPEKIT 
Production 
Kit (_25°C to +85°C) 


MAXLOO1 
1OO~HInductor 


MAXCOO1 
150~F Capacitor 


_______ 
General Description 


The MAXC001 is a 15011Fcapacitor 
designed 
for filtering 


and bypassing 
in DC-DC converters, 
low-dropout 
linear 


regulators, 
and other circuits 
requiring 
miniaturization 
in 


conjunction 
with low cost and low Equivalent Series Re- 


sistance (ESR). The MAXC001 has excellent impedance 
characteristics, 
particularly 
at the 
20kHz 
to 200kHz 


switching 
frequencies 
which are common 
to low-power 


switching-regulator 
circuits. 
The MAXC001 
is ideal for 


use in distributed 
power supplies 
and portable 
equip- 


ment. 


Switching Regulators 


DC-DC Converters 


Charge Pumps 


Low-Dropout 
Linear Regulators 


Diameter 
0.394" (10mm) Nominal 
0.421" (10.7mm) 
Max 


Length 
0.492" (12.5mm) 
Nominal 


0.551" (14mm) Max 


Casing 
Solvent -ProolT ype 


Lead Spacing 
o 197" (5mm) Nominal 


Lead Length 
0.472" (12mm) Min 26 AWG 


Lead Finish 
Tin-Lead Solder 


~"'I ~J X I~"'I 
.•••••..•• 
Jx•.•••••is a registered 
trademark 
of Maxim Integrated 
Products. 


~III~JXI~III 
15~F 
Low-ESR Aluminum 


Electrolytic Capacitor 


• 
O.2Q Max ESR at 100kHz 


• 
Miniature 10mm x 12.5mm Can Size 


• 
35V Continuous 
DC Rating 


• 
Radial Printed-Circuit 
(PC) Board Mounting 


• 
Excellent High-Frequency 
Performance 


PART 


MAXC001 


TEMP. RANGE 


-25"C to + 105"C 


VALUE 


15011F±20% 


...MZ:. 


(12mm) 
MIN 
onz: 
-----<<!i' 


I~ 
(±O.5mm) 


.Q.K 


(10mm) 
NOM 


l1li 


15~F 
Low-ESR Aluminum 
Electrolytic Capacitor 


Ripple Current (100kHz, + 105'C) 
Ripple Current (120Hz, + 105'C) 
Operating 
Temperature 
Range 
Storage Temperature 
Range 
-25'C to + 105'C 
-40'C to + 105'C 


ELECTRICAL CHARACTERISTICS 


(TA = +25·C. Note 1) 


PARAMETERS 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Capacitance 
120Hz 
120 
150 
180 
~F 


ESR 
100kHz 
010 
0.2 
Q 


Applied 
Voltage 
35 
V 


Leakage Current 
V = 35V 
5 
~A 


_____ 
Applications 
Information 


DC·DC Converter Filtering 


While 
designed 
specifically 
for the 
MAX743 
dual-output 


current-mode 
+5V 
to ±15V 
or ±12V 
converter 
(Figure 
1), 


the 
MAXC001 
works 
well 
for 
many 
low-power 
DC-DC 


converter 
and 
charge-pump 
applications. 
For best 
filter- 


ing action, 
place 
a O.1~F monolithic 
ceramic 
capacitor 
in 


parallel 
with 
the MAXC001 


STEP UP 
INVERTING 
STEP 
LOW 
DUAL 


DOWN 
VOLTAGE 
OUTPUT 


MAX630 
MAX634 
MAX638 
MAX654 
MAX742 


MAX631 
MAX635 
MAX655 
MAX743 


MAX632 
MAX636 
MAX656 


MAX633 
MAX637 
MAX657 


MAX4193 
MAX4391 
MAX658 


MAX641 
MAX659 


MAX642 


MAX643 


LOW·DROPOUT 
LINEAR 
CHARGE 
PUMP 


MAX667 
ICL7660 


ICL7662 


MAX680 


V, 
A4AXIAo'I 


MAXCOOI 


CC, 
LX, 
O.01~F 
100~H 


CC, 
FB, 
,va 
AGNO 
LX, 


A4AXIAo'I 
OX, 
' 
MAXCOOl 


AV, 
MAX143 
GNa 
I 
150~F 


O~~'F 
v, 
v, 


J1 1{JO~F 
v, 
v, 


C3 


VREF 
12/15 
-~ 
IOpF 


C4 
OX- = 
-va 


1 IJpF 
55 
LX- 


-+----! 
CC- 
FB- 


O.OI~IF 
MAXCOOI 


LX- 
150~FI 
cc· 
lDO~H 


15~F 
Low-ESR Aluminum 


Electrolytic Capacitor 


Eliminating Noise Spikes 


Large noise spikes, hundreds 
of millivolts or even volts in 


amplitude, 
often 
threaten 
to upset 
sensitive 
circuits. 


These noise spikes are sometimes eliminated 
by replac- 


ing existing general-purpose 
capacitors 
with high-quality, 


low-ESR capacitors 
such 
as the MAXC001. 
In other 


cases, the measurement 
technique 
may introduce appar- 
ent noise. 


Long-scope 
probe 
ground 
leads often cause measure- 


ment-related 
noise problems. 
Electromagnetic 
Interfer- 
ence 
(EMI) 
radiating 
from 
PC traces 
or unshielded 


inductors can be picked up by the scope ground lead and 
appear 
as transient spikes. With many types of probes, 


this problem 
can be distinguished 
from real noise by 


disconnecting 
the ground 
lead, removing 
the probe tip 


cover, and touching 
the ground ring near the tip directly 


to the filter-cap 
ground lead (Figure 2). 


If induced 
ground noise is the problem, 
protect sensitive 


circuitry 
by locating 
it physically 
distant from the DC-DC 


converter 
and placing 
a 0.1 JlF to 1JlF ceramic 
capacitor 


across the supply 
leads close to the sensitive 
circuitry. 


That way, the long PC traces carrying 
power will exhibit 


some inductance, 
and the combination 
of the main ca- 
pacitor, local bypass capacitor, 
and lead inductance 
act 


as a pi filter. 


_______ 
General Description 


The MAXL001 is a 100~H inductor designed 
as the main 
magnetic 
component 
for simple flyback DC-DC convert- 
ers with up to 3W output. 
Quieter than bobbin inductors 
and 
less costly 
than Molypermalloy 
Powder 
(MPP) or 
pot-core 
inductors, 
the MAXL001 is ideal for distributed 
power supplies 
and portable equipment. 
The MAXLOO1 


core material is an iron-powder 
compound 
selected 
for 
good 
circuit 
efficiency 
at switching 
frequencies 
up to 
200kHz. 
The MAXL001 has radial leads for Printed-Cir- 
cuit (PC) board mounting. 


Switching 
Regulators 


DC-DC Converters 


Power Supplies 


DC Filters 


Diameter 
0.6S" (16.Smm) Nominal 
0.7" (17.8mm) 
Max 


Width 
0.33' (8.4mm) Nominal 
0.37S' (9.Smm) Max 


Lead Length 
0.37S" (9.Smm) Min 26 AWG 


Lead Spacing 
0.33" (8.4mm) Nominal 


Tape 
3M #27 or Equivalent 


Finish 
Saturated with Varnish 


~III~JXI~III 


100flH Toroid Inductor 


• 
Low Electromagnetic 
Interference 


• 
Toroid Construction 


• 
Low-Cost, Iron-Powder 
Core 


• 
200kHz Operation 


• 
1.75A Saturation 
Current 


• 
0.0811 DC Resistance 


PART 


MAXLOO1 


TEMP, RANGE 


-SS"C to +10S"C 
VALUE 


100l!H±1S% 


0.65' 


(16.5mm) 
NOM 


! 


0.33' 


(8.4mm) 
NOM 


! 


0.375' 
(9.5mm) 


MIN 


/ili/J X 1/111 
Maxlm 
Integrated 
Products 
4-185 


.••••• 
AX •.•••••is a registered 
trademark 
of Maxim Integrated 
Products. 


10~H 
Toroid Inductor 


PeakCurrent 
5A 


DCCurrent 
.. 1.5A 


PeakVoltage 
.... 
100V 


Stresses 
beyond 
those listed 
under 
Absolute 
Maximum 
Ratings 
may 
cause 
permanent 
damage 
to the inductor. 
These 
are stress 
ratings 
only, and 
functional 
operation 
at these 
conditions 
is not implied. 
Expose 
to absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


OperatingTemperatureRange 
-55"C to +105"C 
StorageTemperatureRange 
-65"Cto +105"C 


ELECTRICAL CHARACTERISTICS 
(TA= +25"C. Note 1.) 


PARAMETERS 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Inductance 
1kHz 
85 
100 
115 
llH 


IncrementalCurrent 
Fora 10%change in inductance 
1.75 
A 


DC Resistance 
008 
02 
Q 


Q 
F=100kHz. 
22 
29 
V=O.lVRMS 


____ 
Applications 
Information 


Flyback 
Inductors 
for DC·DC Converters 


While designed 
specifically 
for the 
MAX743 dual-output 


current-mode 
+5V to ±15V or ±12V converter 
(Figure 1), 


the MAXL001 
works 
well for many 
low-power 
DC-DC 


converter applications. 
The 100~H value is fairly low, so 


caution 
must 
be 
exercised 
when 
connecting 
the 


MAXL001 
to ICs other than the MAX743; calculate 
the 


worst-case 
peak inductor 
current using equations 
from 


the data sheet to be sure the power-transistor 
ratings are 


not exceeded. 
The MAXL001 works well for the following 


list of products, 
especially 
if the supply voltage is 10V or 


less. 


STEP UP 
INVERTING 
STEP 
LOW 
DUAL 


DOWN 
VOLTAGE 
OUTPUT 


MAX630 
MAX634 
MAX638 
MAX654 
MAX742 


MAX631 
MAX635 
MAX655 
MAX743 


MAX632 
MAX636 
MAX656 


MAX633 
MAX637 
MAX657 


MAX4193 
MAX4391 
MAX658 


MAX641 
MAX659 


MAX642 


MAX643 


AV+ 
GND 


.••••AX •.•••• 


V+ 
MAX143 
V+ 


V+ 
V+ 


C3 
VREF 
12/15 
10l'F 
-YO 
C4 
SS 
LX- 
10l'F 
DX- 
CC- 
FS- 


0011'F 


Cr- 
MAXLOOl 
1ool'FI 
CC- 
100I'H 


Rgure 
1. Example Application 
for MAXLOOI (Oual-OJtput 
Switching 
Regulator) 


100JlH Toroid Inductor 


Smaller Inductors: MPP and Pot Core 


If cost is not important, 
consider 
a MPP toroid inductor 


such 
as the 51-559 
from 
Gowanda 
Electronics, 
or a 


miniature surface-mount 
pot core such as the 41540 from 


Pico 
Electronics. 
Both 
are 
much 
smaller 
than 
the 


MAXL001 and have nearly equal energy storage capabil- 
ities. 


Gowanda 
Electronics, 
Gowanda, 
NY (716) 532-2234 


Pico Electronics, 
Mt. Vernon, NY (914) 699-5514 


~1I1~JXI~1I1 


___________ 
pP Supervisory Circuits 


AN-5 
MAX1232 
MAX1259 
MAX690 
MAX691 
MAX692 
MAX693 
MAX694 
MAX695 
MAX696 
MAX697 
MAX698 
MAX699 
MAX700 
MAX701 
MAX702 
MAX790 
MAX791 


A Guide for Providing 
Reliable 
Microprocessor 
Supervision 
...•............................ 
5-7 


Microprocessor 
Monitor 
' 
5-11 


Battery 
Manager 
5-17 


Microprocessor 
Watchdog/Battery 
Switch over/Reset 
Generator 
5-19 


Microprocessor 
Watchdog/Battery 
Switchover/Reset 
Generator 
5-19 


Microprocessor 
Watchdog/Battery 
Switchover/Reset 
Generator 
5-19 


Microprocessor 
Watchdog/Battery 
Switchover/Reset 
Generator 
5-19 


Microprocessor 
Watchdog/Battery 
Switch over/Reset 
Generator 
5-19 


Microprocessor 
Watchdog/Battery 
Switchover/Reset 
Generator 
5-19 


Microprocessor 
Supervisory 
Circuit/Battery 
Switchover/Programmable 
Reset 
......•........ 
5-33 


Microprocessor 
Supervisory 
Circuit/Programmable 
Reset 
5-33 


Low Cost Power-On 
Reset 
5-45 


Low Cost Power-On 
Reset and Watchdog 
Controller 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
5-45 


Power-Supply 
Monitor 
with Reset 
5-49 


Power-Supply 
Monitor 
with Reset 
5-49 


Power-Supply 
Monitor 
with Reset 
..............................................•........ 
5-49 


High-Performance 
Supervisory 
Circuit 
5-53 


High-Performance 
Supervisory 
Circuit 
5-53 


gP SUPERVISORY 
»#- 
Free Samples 


Supervisory ICs Protect ~s 
Against 


Power-Supply 
Failures 
Single-Package 
MAX690 Keeps llPs Running 


The 
MAX690 
uP-supervisory 
IC 
monitors 
a 
microprocessor's 
environment 
during 
power-up, 
normal 


operation. 
and 
power-down. 
issuing 
reset 
signals 
as 
re- 
qUired-particularly 
when 
power 
failures 
occur. 
The 
MAX690 provides 
four basic housekeeping 
functions: 


• 
Power-on reset 


• 
Backup-battery 
switchover 


• 
Power-fail or battery 
monitoring 


• 
Watchdog 
timer 
To provide 
sufficient 
reset 
time 
for the uPs's 
intemal 


circuits. 
the reset output 
starts 
out low at power-on and ends 
35msec 
after the supply voltage exceeds 4.65V. 
If the voltage 
then falls below a user-selected 
threshold, 
the chip issues 
a 
power-fail waming 
that tells the uP to store critical data in a CMOS RAM before the power fails completely. 


If a further 
decline 
brings 
VCC within 
50mV of the backup-battery 
voltage. 
the MAX690 connects 
the 


battery 
to power the CMOS RAM. 


The MAX690 accommodates 
systems 
that employ a 35msec 
Reset pulse 
and a ±5% power supply 


tolerance. 
If the supply 
tolerance 
is ±1O%. the MAX692 provides 
a 4.4V trip threshold. 
And for newer 
Intel and Motorola uPs that require 
a longer Reset pulse, 
the MAX694 offers a pulse of 140msec. 


ANALOG 
DESIGN GUIDE 


~WsR":'~~R 
"p 
SYSTEM 


JlPRESET 


JlPNMI 


IJOLINE 


RESET 


PFO 


GNO WOI 


The MAX690 guards 
a "p against 
supply-voltage 
failure 
by providing 
power-up 
reset. backup-battery 


switchover, 
and power·fall warning. 
A watchdog 
timer internal to the MAX690 monitors IJPoperation. 


Multi-Function Supervisor Replaces 
__ 
More Than 15 Components 
MAX691 Adds Write Protection 
and Adjustable-Width Resets 


The MAX691 saves board space and eliminates 
time-consuming 
analog design by replacing 
at least 
15 discrete packages with a single device. 
The MAX691 accommodates 
the reset requirements 
of different processors 
by 
issuing 
adjustable-width 
Reset 
pulses. 
The 
default 
width 
(35msec) sults 
fast ANALOG 
JlPs. but the pulse can be lengthened for other processors by connecting an extemal 
DESIGN 
GUIDE 


capadtor. 
The MAX691 also issues a Reset when the supply declines to 4.65V for 5V, 


±50/0 tolerance supplies. For a±lO% supply tolerance, the MAX693issues Resets at 4.4V. 


The MAX693 has a 35msec default 
reset 
pulse 
width. 
while 
the 
MAX695 defaults to 140msec. 


The chip contains an uncom- 


mitted 
1.3V 
comparator 
that 
wams 
a system 
of impending 
power loss. initiating an orderly JlP 
shutdown. 
Finally. an on-board 
write-protect 
function 
precludes 
the JlP from storing erroneous data 
in RAM during power-up. power- 


The MAX691 replaces 
a circuit 
of more than 15 
down, brownouts, 
or momentary 


components. 
power interruptions. 


1 
Multiplexers, 
Switches, Militarv 


2 
Interlace Products 


3 
Op Amps 


4 
DC·DC Converters, 
Power Suoolies 
5 
uP Supervisory 
6 
Analog Filters 
7 
AID Converters 


8 
High Speed: 
Video, Comoarators 


9 
DIA Converters 


Only 200JlA Powers 8-Pin JlP 
Supervisors 
Low-Cost MAX700-702s 
are Ideal for Portable Equipment 


MANUAl 
RESET BunON 


...D... 


1 
MIl 
vee 
Vet 
~ 
(.sV) 


SfHSf 
CIL 


N.C 
••••••••••••• 
MAX10ll 


HY'ST 
RfSfT 
N.C 


GtiO 
RESET 


TOIJ.P 


RESET INPUT 


The MAX7DO-702 supervisory 
ICs lower cost and 


Increase reliability 
In 5V systems 
by eliminating 
external 


components 
and adjustments 
otherwise required for 
housekeeping 
functions. 


MAX700-702 
supervisory 
circuits 
offer 
the 


simplest 
and 
most 
reliable 
way 
to monitor 
power- 
supply voltage In a digital or!!P system. 
They are Ideal 


for portable 
Instruments: 
Supply 
current 
Is 200!!A 


max. 
and 
no external 
components 
are 
required 
for 
monitoring 
5V systems. 
All parts 
are 
available 
In 


space-saving 
8-pln 
DIP and SO packages 
. 


They provide 200ms RESET and RESET pulses 
on 


power-up, 
power-down, 
and 
during 
low-voltage 


brownout 
conditions 
(the MAX7021ssues 
RESET only). 


Reset 
pulses 
can 
also 
be triggered 
by a debounced 
manual 
reset Input 
available 
on each device. 
The MAX700 has 
a preset 
voltage 
threshold 
of 
4.65V, but Is able to monitor 
other thresholds 
as well. 


Hysteresis 
can be added with one resistor 
to minimize 


switching 
noise 
when 
monitoring 
slowly-moving 
vol- 
tages. 
Pin-Compatible DS1232 Upgrade 
Needs 1/3 the Space and 1/10th 
the Power 
New MAX1232 Available in 8-Pin SO 


Maxim's MAXI232 !!p supervisor is supplied in an 8-pin surface mount package for space intensive 
applications 
and In standard 
8-pin DIPs and 16-pin SO packages 
as a pin-compatible 
upgrade for the 
DS1232. 
What's more, the MAXI232's 50!!A supply current 
Is only 1/ 10th that of the DS1232. 
The 
MAXI232 
enhances 
the 


reliability of a !!p system by monitoring 
Its supply voltage and software execu- 
tion. 
The device requires 
no external 


components. 


The voltage-trip 
threshold 
Is digi- 


tally selected 
for ±5% or ±10% supply 


tolerance 
systems. 
The 
chip 
Issues 


250msec 
reset 
pulses 
on power-up, 
power-down, and low-voltage brownout 
conditions. 
A debounced 
manual-reset 


Input 
initiates 
reset pulses 
as well. 
A 


watchdog 
timer, 
digitally programmed 


for tlmeouts 
of 150msec, 
600msec, 
or 
1.2sec, monitors software execution. 


+3.3-Volt Microprocessors Are 
Now Easily Monitored 
/lP-Supervisor ICs Have Adjustable Threshold 


The MAX696/697 
offer fully 
adjustable 
reset thresholds. 
Two 
external 
resistors. 
connected 
to 
the LLIN(LowLine In) terminal. let 
you set the threshold 
as required. 


Other 
Maxim 
les 
are 
preset 
to 
standard 
4.4V or 4.65V level. In a 
9V battery-powered 
system. 
for 
example. you can reset the J.1Pat a 
desired 
battery-discharge 
level 
rather 
than waiting for the regu- 
lated 5V to drop out. 


The MAX697 offers both low 
quiescent 
current 
(l60!1A), useful 
in 
low-power 
applications. 
and 
write protection 
for safeguarding 
the Integrity of non-volatile RAM. 


AtAXIAII 


MAX696 


RESET 


ffii 


Watchdog Monitor and Reset 
Generator Combined in Single Unit 
Economical 
IC Ideal for Non-Battery Backed Applications 


The MAX699 is tailor-made 
for 


systems 
that 
require 
only reset and 


watchdog 
functions 
and 
eliminates 


all external 
components 
and adjust- 


ments 
associated 
with 
J.1P- 


housekeeping 
functions. 
The 8-pin 


DIP version issues 
RESET pulses 
in 


response 
to power-up. 
power-down 


and brownout 
conditions; 
the 16-pin 


SO version 
issues 
positive-going 


RESETs as well. 


The 
internal 
watchdog 
timer 


monitors 
software 
execution 
on a 


user-selectable 
line. 
A lapse of one 


second 
or more 
triggers 
a RESET 


pulse. 


* 
FUTURE 
PRODUCTS * 


jlP SUPERVISOR PROVIDES VALID RESETS FOR VCCAS LOW AS IV 


Uses lOx Less Power 


The MAX790 provides all the functions 
of the pin-compatible 
MAX690. but 
with 


tightened 
specifications. 
To prevent 
a l!P 


from WIiting to the EEPROM as Vcc fails. 
the chip continues 
to operate properly and 
issue valid resets 
with Vcc as low as IV. 
Tighter 
tolerance 
on 
the 
power-fail 


threshold 
enables 
the chip to monitor bat- 


tertes 
more closely. 
And because 
supply 
current 
has been reduced 
10 times and the 
drop from Vcc to VOUThas been lowered. 
the MAX790 provides more output 
current 


while dissipating 
less power. 


Vam 


AltAXIM 


MAX190 


RESET 


STATE-OF-THE-ART flP SUPERVISOR WARNS OF BOTH MAIN AND BACKUP 
SUPPLY FAILURES 


Supports More RAM with 25mA Backup Current 
The 
MAX791 offers the 
most 
complete 
l!P 


supervision 
available in a single IC. Separate 
on- 


chip monitors warn both when the main +5V power 
line starts 
to fail. and when 
the backup-battery 


voltage Is low. Though similar to the MAX691. the 
MAX791 offers more functions. 
improved 
specs 


and draws 
less than 
one tenth 
as much 
supply 


current. 


The MAX791 monitors 
the backup 
battery 
without 
extra 
hardware or battery connections. 
When the battery is low, 


the second CE pulse Is suppressed. 


Propagation 
delay for the 
gated 
chip-enable 


switch has been reduced to IOnsec. ailowing super- 
vision of faster memortes without external gates. 
in- 


creased output current at VSAIT (25mA) ailows the 
device to support 
more RAM In the backup 
mode. 


Maximum output current durtng normal operation Is 
250mA. 


Separate 
watchdog 
and reset outputs 
let you 
determine 
whether 
a fault 
was 
caused 
by a 


software glitch or a power failure. 


COMPLETE ONE-CHIP BATTERY MANAGEMENT 


MAX1259 
Consumes 70% Less Power Than the DS1259 


The MAXl259 battery-management 
chip. pin-compatible 
with the DS1259. supplies 
more output 
current. 
yet consumes 
70% less power. 
The Maxim part 
monitors 
the backup 
battery. 
warns 
of 
Impending 
power failures. 
and switches 
the memory to the battery when failures occur. 


The MAXl259 eliminates 
oscillation 
and increased 
IBATI durtng 
switchover. 
Clean switchover 
and low power consumption 
make the MAXl259 attractive 
for portable 
instrument 
applications 
and 
as a safeguard 
for non-volatile 
memortes. 


JlP Supervisory Circuits 


MAX69D-MAX1232 
791tt 
Functions 
690 
691 
692 
693 
694 
695 
696 
697 
698 
699 
700 
701 
702 
790tt 
MAX1232 
MAX1259 


Fixed Power 
Up/ 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
Down 
Reset 


Variable 
Power 
Up/ 
V 
V 
V 
Down 
Reset 


Battery 
Backup 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
Switching 


Watchdog 
Timer 
V 
v 
v 
v 
v 
v 
v 
v 
v 
v 
v 
v 


Programmable 
V 
V 
V 
V 
V 
V 
v 
Watchdog 
Period 


Power Fail Warning 
v 
v 
v 
v 
v 
v 
v 
v 
v 
v 
v 


Write Protect 
V 
V 
V 
V 
v 


Reset Threshold 
(V) 
4.65 
4.65 
4.4 
4.4 
4.65 
4.65 
>1.3 
>1.3 
4.65 
4.65 
4.65/adj. 
4.65 
4.65 
4.65 
4.65/adj. 
4.37/4.62 


Reset Pulse 
Width 
(ms) 
35 
35/adj 
35 
35/adj 
140 
14O/adj 
35/adj 
35/adj 
140 
140 
200 
200 
200 
250 


Price (100D-up) 
($)+ 
3.33 
3.61 
3.33 
3.61 
3.33 
3.61 
3.55 
3.58 
1.88 
2.13 
2.24 
1.96 
1.71 
+ 
+ 
1.89 
+ 


t 
Prices provided are for design guidance and are FOB USA. International prices will differ due to local duties, taxes, and exchange rates. 


tt Future products - contact factory for pricing and availability. I 
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operation, 
the system must also monitor Vcc for under- 
voltage-both 
short 
term 
'glitches" 
and 
longer-term 
"brownouts." 
These undervoltage 
conditions 
are seldom 
destructive, 
but they can cause unpredictable 
operation 
that leads to a 'crash." 
During a crash the computer 
loses 
its 'mind' 
in a manner that no programming 
genius can 


cure. The IlP cannot be trusted to control its own reset, 
so the most reliable remedy is to reset it with a signal that 
originates 
automatically 
in an external device. 


The Low-Voltage 
and Power-On 
sections 
of a Maxim 
supervisory 
IC share the same precision voltage-sensing 
circuit, and they respond when VCC goes low. When VCC 
returns to normal, the RESET output 
remains low for a 


timed delay interval as it does following 
power-on. 


____ 
Memory-Write Protection 


Crashes are bad, but they can lead to a potentially worse 
problem-during 
the crash the IlP may write 'garbage' 


into its permanent 
(non-volatile) 
memory, 
causing 
data 
and program 
losses that cannot be restored 
by a sub- 
sequent reset. To prevent these losses, the system must 
intercept 
and disable 
the memory's 
chip-enable 
signal 


(CE) during a supply-voltage 
glitch or brownout: 
Simply 


apply 
the CE signal 
and the low-voltage 
comparator 
output to a gate whose output drives the memory's 
CE 
input. But no ordinary gate will do; this one must operate 
reliably with Vcc as low as 2 volts. 
_______ 
Power-Fai' Warning 


Reliable protection 
may require more than low-voltage 
detection and reset; an orderly shutdown may require other 
actions prior to the reset. The processor, for instance, may 
need to store its register contents in a non-volatile memory 
such as battery-backed 
CMOS RAM. 


It may seem impossible 
to specify 
a preventive 
action 


before 
the 
low-voltage 
condition 
occurs, 
but 
power- 
supply regulators operate in a way that makes this pos- 
sible. Regulators have large input filter capacitors, 
which, 


in a typical5V 
supply, charge to between 8 and 10 volts. 


This charge enables the regulator to continue operating 
for 50 to 100msec after the primary power is lost-until 
the capacitor 
discharges 
to about 
6.5V (or less, for 
low-dropout 
regulators). 


You can generate 
an early warning 
by monitoring 
the 
filter-capacitor 
voltage with the Power Fail In (PFI) input 
of a Maxim supervisor 
chip. When the unregulated 
volt- 
age falls below, say, 7.5 volts, the chip's 
internal com- 
parator 
issues 
a Power Fail Out signal 
(PFO), which 
allows 
sufficient 
time 
for IlP house-cleaning 
chores 
before the system initiates a reset. 


PFO normally connects 
to the IlP'S non-maskable-inter- 


rupt input to ensure top-priority 
treatment. 
In the super- 


/&11 /J X I /&lI 
,MaximlntegratedProducts 
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/"'. /J X I /"'. 
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trademark 
of Maxim Integrated 
Products. 


__________ 
'ntroduction 


Maxim's microprocessor 
supervisory circuits contain ver- 
satile analog and digital functions that save considerable 
design effort and development 
time. The parts may seem 
unglamorous, 
but they 
perform 
most 
of the 
'messy' 


housekeeping 
functions 
required 
by microprocessors. 


These functions 
are vital to IlP systems 
because 
they 
include safeguards 
against electrical failure. Some func- 
tions are included in the newer IlPS, but these IlPS cannot 
always diagnose 
their own failures. To be effective and 
reliable, the monitor circuitry 
must reside in an external 
supervisory 
chip. 


Microprocessor-supervisory 
functions include: 


• 
Power-on reset 


• 
Low-voltage 
reset for glitch and brownout 


• 
Memory write-protection 


• 
Power-fail warning 


• 
Battery backup switchover 


• 
Watchdog 
timer 


These functions are not difficult to implement individually. 
But integrating 
them as a coherent 
whole, fully thought 
out and debugged, 
presents 
a formidable 
challenge- 
especially 
if space 
is critical. 
The following 
review of 
these supervisory 
functions 
shows their relation to the 
overall microprocessor 
system. 


________ 
Power-On 
Reset 


When you apply 
power to a microprocessor, 
the inter- 
nal registers 
'come 
up" in arbitrary 
states that contain 
random 
data. 
Applying 
a reset 
command 
to the IlP 


overcomes 
this chaos 
by resetting 
all internal 
circuits 
at a predictable 
starting 
point. 
To insure 
a proper 
startup, 
you must hold the RESET input low for 20 to 
120 milliseconds, 
depending 
on the IlP. 


Though relatively simple, the external reset-timer 
circuit 


must keep the RESET signal low while the supply voltage 
(Vcc) 
is below the minimum level allowed for IlP opera- 
tion. During 
startup, 
for instance, 
the circuit 
initiates a 
reset-delay interval only when VCC reaches that minimum 
level. 
If the timed 
interval 
begins 
early (at too Iowa 
voltage) or ends too soon, the reset may be overridden 
by arbitrary 
states in the digital 
circuitry 
while supply 
voltage 
is rising toward 
the minimum 
operating 
level. 


Reset-timer 
circuits 
therefore 
require 
a timer, 
a com- 


parator, 
an accurate 
voltage 
reference, 
and a suitable 
means for driving the IlP'S RESET input. 
__________ 
Low-Volfage 
(G'itch/Brownout) Reset 


Once operating, 
a IlP should continue 
as long as VCC 
remains within 
its specification. 
But to ensure 
reliable 
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visory 
chip, 
PFI drives one side of an intemal CMOS 


comparator 
while a 1.3V reference drives the other. Two 
extemal resistors, which divide the capacitor voltage down 
to the 1.3V PFI threshold, let you set the comparator's trip 
point for any desired filter-capacitor 
voltage. 


Battery-Backup 
Switchover 


CMOS RAM is normally powered by the I!P'S 5V supply. 
When connected 
to a 3V battery 
in the shutdown 
or 


backup 
mode, the RAM retains its contents 
while con- 


suming very little power. Backup batteries can be small 
because 
the 
memory's 
current 
drain-several 
milli- 


amperes 
in 
normal 
operation-drops 
to 
a few 
microamperes 
in the backup mode. 


The circuit that switches 
RAM from main supply to the 
battery must then 'stay awake" to switch it back. Like the 
RAM, this circuit depends 
on the battery and therefore 


must operate on microamperes. 
Besides low power con- 


sumption, the circuit must exhibit reliable operation at low 
supply 
voltage 
as the backup 
battery discharges. 
The 


same is true for reset and write-protect 
circuits, 
which 
remain active in the backup mode. 
___________ 
Watchdog 


Software is usually written as a series of modules 
inter- 


connected 
in a continuous 
loop. During execution, 
an 


unforeseen 
sequence 
of events can sometimes 
cause 


the program 
to stall within one module, 
endlessly 
per- 


forming 
some useless (or possibly 
harmful) function. 
A 


'watchdog' 
is a timer circuit that monitors this program 


execution 
and issues a reset command 
when the stall 


condition appears. 


To use the watchdog, 
you connect a port of the I!P to the 
timer-reset 
input of the free-running 
watchdog 
circuit, 


and 
configure 
the software 
to write 
data to this port 


several times a second. 
Because 
it interprets 
missing 


instructions 
as a software problem, the watchdog 
issues 


a system reset whenever it times out before receiving the 
next write instruction. 


The optimum timeout depends on the system's hardware as 
well as its software. A longer period at powerup, for instance, 
gives the microprocessor extra time to initialize the system 
before starting the main software loop. And insome systems, 
the watchdog is activated only for certain operations. 


Most of these supervisory 
functions can be implemented 


with little difficulty 
using standard 
analog components. 


The trick is to squeeze 
them into half a square inch of 


board space, avoid trims, and not get overrun with dis- 
crete external components. 
Maxim's 
MAX690 family of 


supervisory 
ICs does just that. The family 
includes 
a 
variety of feature combinations 
that accomodate 
most 


I!P-system requirements. 
Table 1 summarizes 
these fea- 
tures. 
_ Default 
and Adjustable 
Features 


Most I!P-supervisor 
requirements 
can be satisfied by the 
MAX690, which has nearly everything 
(see Table 
1). It 
offers small size, no external parts, and the most com- 
monly 
specified, 
factory-trimmed 
power-supply 
thresholds, 
watchdog 
times, and reset times. More com- 
plex applications, 
however, may require different default 
values, adjustable 
values, or other inputs and outputs. 


The MAX690 issues a reset of 35msec minimum on power- 
up and in response to brownouts and glitches (i.e., when- 
ever Vcc falls below the 4.65V limit). Available in an 8-pin 
DIP, the 
device 
provides 
battery-backup 
switchover, 


power-fail warning, and a 1.6sec watchdog 
timer. 


Other devices 
offer different 
combinations 
of functions 
and parameter values. 


Reset 


Because 
a voltage divider external to the MAX696 and 


MAX697 determines the Vcc level at which these devices 
issue a reset, they can monitor 
3V, 5V, or any other 
unusual supply 
voltage. 
All other parts in the MAX690 
series (see Table 
1) are dedicated 
to a specific 
VCC 


threshold level; for these parts, the level cannot be altered. 


Several values of power-on reset delay are available. The 
MAX690, 691, 692, 693, 696, and 697 have minimum- 
35msec delays that suit the majority of I!Ps. The MAX694, 
695, 698, and 699 have minimum 
140msec 
delays 
as 


required 
by Motorola 
and 
the 
newer 
Intel I!Ps. The 
MAX700/701/702 
offer 200ms delays, and the MAX1232 
offers three options: 
150msec, 
600msec, 
and 
1.2sec. 


The MAX691, 693, 695, and 697 offer reset periods and 
watchdog-timer 
periods 
that you adjust 
by varying 
an 
external capacitor value or applied clock frequency. 
Note 
that supervisor-generated 
reset delays should always be 
longer than the I!P'S required minimum. 


In order to distinguish 
resets caused 
by undervoltage 


from 
those 
generated 
by the 
watchdog 
timer, 
the 
MAX691, 693, 695, 696, 697, and 699 provide separate 
outputs for the reset and watchdog 
voltage comparators. 


A manual-reset 
input, available on the MAX696, 697,700, 


701, 702 and MAX1232, can sometimes be added to the 
other devices as well (see below). 
_____________ 
Reset 


The MAX691, 693, 695, 696, 697, 700, 701 and MAX1232 
provide both RESET (active high) and RESET (active low) 
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POWER ON 
LOWVcc 
WATCHDOG 
BATTERY 
WRITE 
POWER 
MANUAL 
PART NO. 
RESET 
BACKUP 
FAIL 
PINS 


(min) 
THRESHOLD 
TIMER 
SWITCHOVER 
PROTECT 
IN/OUT 
RESET 


MAX690 
35ms. 
4.65V 
YES 
YES 
YES 
8 


MAX691 
35ms. 
(1) 
4.65V 
YES 
YES (2) 
YES 
YES 
16 


MAX692 
35ms. 
4.4 V 
YES 
YES 
YES 
8 


MAX693 
35ms. 
(1) 
4.4 V 
YES 
YES (2) 
YES 
YES 
16 


MAX694 
140ms. 
4.65V 
YES 
YES 
YES 
8 


MAX695 
140ms. 
(1) 
465V 
YES 
YES (2) 
YES 
YES 
16 


MAX696 
35ms. 
>1.3V(1) 
YES 
YES (2) 
YES 
YES 
8 


MAX697 
35ms. 
(1) 
>1.3V(1) 
YES 
YES 
YES 
YES 
16 


MAX698 
140ms. 
4.65V 
16 


MAX699 
140ms 
(1) 
4.65V 
YES 
16 


MAX700 
200 ms. 
4.65V(1) 
YES 
8 


MAX701 
200ms. 
4.65V 
YES 
8 


MAX702 
200ms. 
4.65V 
YES 
8 


MAX1232 
250 ms 
45 Vor 4.75V 
YES 
YES 
8 


Notes: 
1. Default value shown. These parts are adjustable 
(see text). 


2. Also has BAD 
ON output pin. 


outputs. The Intel 8051 family and similar microproces- 
sors specify an active-high 
polarity for RESET; the high 
level also serves 
as VCC for the internal 
RAM during 
battery 
backup 
(standby). 
During 
battery 
backup, 


RESET remains low and RESET remains 'high' 
as long 
as the battery voltage 
is above 2.0 volts. 
"High" in this 
case is the battery voltage or Vcc, whichever 
is higher. 


This is a very important 
specification; 
it guarantees 
that 
the microprocessor 
will stay reset during 
the transient 
(and generally 
unspecified) 
conditions 
that accompany 
application 
of power. 


Memory·Write Protection 
The MAX691, 693, 695, and 697 perform a write-protect 
function 
to prevent 
the system from writing 
erroneous 
data into memory during the reset interval. 


Power·Fail Warning 
The MAX690-697 devices include a power-fail circuit (PFI 
and PFO) that forewarns 
the system of an impending 
power loss and reset. 


Battery·Backup Switchover 


MAX690-696 
devices 
normally 
furnish 
power 
to the 
CMOS RAM by connecting 
VCC to OUT. When Vcc drops 


below the battery voltage, 
OUT is connected 
to VBATT, 


placing 
the MAX690-696 
in standby 
mode to conserve 
battery power. RESET, RESET, La LINE, BAIT ON, WDO, 
PFO, and 
CE OUT 
remain 
active 
(high 
or 
low, 
as 
specified) 
and CE IN, PFI, and WDI are disconnected. 
In 
battery backup mode the 'high' logic state is equal to the 
backup-battery 
voltage. 
Total 
current 
through 
the 


MAX690-696 
is reduced 
to less than 1~. 


Watchdog 


Watchdog 
circuits in the MAX691, 693, 695, 696 and 697 
provide several ways to adjust the time-out intervals that 
follow reset. You can select between preset intervals of 
1.6sec and 100msec. 
If you select the shorter interval 
(100msec) it will affect the watchdog 
intervals only; reset 
intervals will remain at 1.6sec. To disable the watchdog 
timer, either connect 
its input (WDI) to 1/2VCC or leave it 
floating. 


To set a custom timeout interval by altering the internal- 
oscillator 
frequency 
(10.24kHz 
nominal), 
connect 
an 
external 
capacitor 
or an external 
clock 
signal 
to the 
OSC IN terminal. 
Watchdog 
and reset timers 
in these 
devices 
share the internal oscillator, 
so any adjustment 
of oscillator 
frequency 
affects 
both functions. 
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1% 
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Figure 
1. Multiple line monitor. 


_______ 
Monitoring Multiple 
Power Supplies 


Both the power-fail circuit and the low-line input (LUN) of 
MAX696 
and 
MAX697 
devices 
can 
monitor 
multiple 
power supplies (Figure 1). Low leakage into these CMOS 
inputs allows use of high-resistance 
voltage dividers that 
draw 
little current 
from 
their 
sources-an 
advantage 


when monitoring 
a backup 
battery. 


Figure 
3. 
Because 
the MAX690 
family employ 
'weak pull-up' 


outputs, 
they can be connected 
to form a 'wired NOR' gate, thus 


saving an extra component. 


R2 
3.91<0 


Sl 
-' 


RESET~ 


_____ 
Adding Manual Reset 


Adding this circuit to a MAX690-695 
device provides 
all 


the 
normal 
reset 
delays 
plus 
a manual 
reset 
with 


debounced 
input (Figure 2). 


____ 
Paralleled NOR Outputs 


The MAX691, MAX693, MAX695, MAX696, MAX697, and 
MAX698 have unusual output structures that allow them 
to be paralleled 
with other logic as a 'wired-NOR" 
gate, 


or used with an external pull-up resistor to VOUT, to drive 
higher current 
loads. 
To perform this, the RESET and 


RESET lines employ 
a "weak pull-up". 
When they are 


high, they source only 1~A (saving power consumption), 
but they can sink more than a milliamp to ground when 
low. Thus, if two of these outputs are connected 
and one 
is pulled low, the other will be pulled low. 
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MAX1232 Microprocessor Monitor 


_____________GeneraIDescripffon 


The MAX1232 
microprocessor 
(!!P) supervisory 
circuit 
provides 
!!p 'housekeeping" 
and power-supply 
super- 


vision functions 
while consuming 
only 1/1Oth the power 


of the DS1232. The MAX1232 enhances 
circuit reliability 


in !!p systems by monitoring the power supply, monitoring 
software execution, 
and providing 
a debounced 
manual 


reset input. The MAX1232 is a plug-in 
upgrade 
of the 
Dallas DS1232. 


A reset pulse of at least 250ms duration 
is supplied 
on 


power-up, 
power-down, 
and low-voltage 
brown-out con- 
ditions (5% or 10% supply 
tolerances 
can be selected 
digitally). Also featured 
is a debounced 
manual 
reset 


input that forces the reset outputs to their active states for 
a minimum 
of 
250ms. 
A digitally-programmable 
watchdog 
timer monitors software execution and can be 
programmed fortimeout settings of 15Qms,6OQms,or 1.2S8C. 
The MAX1232 requires no external components. 


Computers 


Controllers 


Intelligent Instruments 


Automotive 
Systems 


Critical !!p Power Monitoring 


______________________ Features 


• 
Consumes 
1/1Oth the Power of the 051232 


• 
Precision Voltage Monitor - Adjustable +4.5V 
or+4.75V 


• 
Power OK/Reset Pulse Width - 250ms Min 


• 
No External Components 


• 
Adjustable 
Watchdog Timer· 
150ms, 600ms, or 
1.2sec 


• 
Debounced Manual Reset Input for External Overide 


• 
Available in a-pin DIP/Small Outline and 
16-pin Wide Small Outline Packages 


___________ Ordering Information 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MAX1232CPA 
O'C to +70'C 
8 Plastic DIP 


MAX1232CSA 
O'C to +70"C 
8S0 


MAX1232CWE 
O'C to +70'C 
16WideSO 


MAX1232C/D 
O'C to +70'C 
Dice' 


MAX1232EPA 
-40'C to +85'C 
8 Plastic DIP 


MAX1232ESA 
-40'C to +85'C 
8S0 


MAX1232EWE 
-40'C to +85'C 
16WideSO 


MAX1232MJA 
-55'C to + 125'C 
8 CERDIP 


, Contact factory for dice specifications. 


_______________Pin Configuration 
_ 


Vcc 


N.C. 


ST 


N.C. 


RST 


N.C. 


9 
RST 
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MAX1232 Microprocessor Monitor 


ABSOLUTE MAXIMUM RATINGS 
Voltage on any pin (with respect 
to GND) 
. 
Operating 
Temperature 
Ranges: 
MAX1232C __ 
. 
. 
. 
MAX1232E __ 
MAX1232M __ 


Storage Temperature 
Range 
-65'C to + 160'C 
Lead Temperature 
(Soldering, 
10 sec.) 
. +300'C 
.. O'C to +70'C 
-40'C to +85'C 
-55'C to +125'C 


~~:~:trgnb~r~~d 
J~%~'r;/i~~~~e,r 
:~:~h~~ 
c~a:;h,!?~n;~:~~~·tr;::fe 
j~~f:::r'/na~~n~g:':'af;g~~7 
;:~tZ~~i~~'th~h::;c~~~:ff;;; 
!sa~~Pfm~:':KJ~ng:%2~:},a;~ 


absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


RECOMMENDED 
D.C, OPERATING CONDITIONS 


(TA; 
TMIN to TMAX) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Supply Voltage 
VCC 
45 
50 
5.5 
V 


STand 
PB RST 
VIH 
2.0 
VCC +0.3 
V 
Input High Level (Note 1) 


ST and J5BRSi 
VIL 
-0.3 
+0.8 
V 
Input Low Level 


D.C. ELECTRICAL CHARACTERISTICS 


(TA; 
TMIN to TMAX; VCC ; +4.5V to +5.5V) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input Leakage 
ST, TOL 
IlL 
-1.0 
+1.0 
!,A 


Output Current RST 
IOH 
VOH; 
2.4V 
-10 
-12 
mA 


Output Current RST, RST 
IOL 
VOL; 
0.4V 
2.0 
10 
mA 


Operating 
Current (Note 2) 
Icc 
50 
200 
!,A 


Vcc 5% Trip Point (Note 3) 
VCCTP 
TOL; 
GND 
4.50 
4.62 
4.74 
V 


Vcc 10% Trip Point (Note 3) 
VCCTP 
TOL; 
VCC 
4.25 
4.37 
4.49 
V 


MAX1232 Microprocessor Monitor 


CAPACITANCE 
(Note 4) 


(TA; 
+25"C) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input Capacitance 
ST, TOl 
CIN 
5 
pF 


Output Capacitance 
RST, RST 
COUT 
7 
pF 


A.C. ELECTRICAL CHARACTERISTICS 


(TA; 
TMIN to TMA)(; Vcc ; +5V to ±10%) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


PB RST (Note 5) 
tps 
Figure 3 
20 
ms 


PB RSTDelay 
tpso 
Figure 3 
1 
4 
20 
ms 


Reset Active Time 
tRST 
250 
610 
1000 
ms 


ST Pulse Width 
tST 
Figure 4 
75 
ns 


Figure 4 


ST Timeout Period 
TO pin; 
OV 
625 
150 
250 
tTO 
ms 


TO pin; 
open 
250 
600 
1000 


TO pin; 
VCC 
500 
1200 
2000 


Vcc Fall Time (Note 4) 
tF 
Figure 5 
10 
~s 


VCC Rise Time (Note 4) 
tR 
Figure 6 
0 
~s 


VCC Detect to RST High 
tRPO 
Figure 7, VCC falling 
100 
ns 
and RSTlow 


VCC Detect to RST low 
tRPU 
Figure 8, Vcc rising 
250 
610 
1000 
ms 
and RST Open (Note 6) 


Note 1: PB RST is internally pulled up to VCC with an internal impedance 
of typically 
40kQ. 


Note 2: 
Measured 
with outputs open. 


Note 3: All voltages 
referenced 
to GND. 


Note 4: Guaranteed 
by design. 


Note 5: 
PB RST must be held low for a minimum of 20ms to guarantee 
a reset. 


Note 6: tR; 5~s. 


MAX1232 Microprocessor Monitor 


~ 
Pin Description 


~ 
••••)<i 


NAME 
FUNCTION 


PushbuttonResetInput. A debounced active-low 
--- 
input that ignores pulses lessthan 1ms in duration 
PB RST 
and is guaranteed to recognize inputs of 20msor 
greater. 


Time DelaySet. Thewatchdog timebase select 
TO 
input (tTO= 150msfor TD = OV,tTO= 600ms for 
TD = open, tTO= 1.2secfor TD = VCC). 


TOL 
ToleranceInput. Connect to GNDfor 5% tolerance 
or to Vcc for 10%tolerance. 


GND 
Ground 


ResetOutput (Active High) - goes active: 
1. If Vcc falls below the selected resetvoltage 
threshold 
RST 
2. If PB RSTis forced low 
3. 
If STis not strobed within the minimumtimeout 
period 
4. 
During power-up 


RST 
ResetOutput (Active Low, Open Drain)- see RST. 


-ST 
Strobe Input. Input for watchdog timer. 


VCC 
The +5V Power-SupplyInput 


N.C. 
NoConnect 


______ 
Detailed Description 


Power Monitor 


A voltage 
detector 
monitors 
VCC and 
holds the reset 
outputs 
(RST and RST) in their active states whenever 
VCC is below the selected 5% or 10% tolerance (4.62V or 
4.37V typically). 
To select the 5% level, connect TOl 
to 
ground. To select the 10% level, connectTOLto 
VCC. The 
reset outputs 
will remain in their active states until VCC 
has been 
continuously 
in-tolerance 
for a minimum 
of 
250ms (the reset active time) to allow the power supply 
and ~P to stabilize. 


The RST output both sinks and sources current, while the 
RST output, 
an open-drain 
MOSFET, sinks current only 
and must be pulled high. 


Pushbutton Reset Input 


The MAX1232's debounced 
manual reset input (PB RST) 
manually forces the reset outputs into their active states. 
The reset outputs go active after PB RST has been held 
low for a time tPBD, the pushbutton 
reset delay time. The 
reset outputs remain in their active states for a minimum 
of 250ms after PB RST rises above VIH (Figure 3). 


A mechanical 
pushbutton 
or an active logic signal can 
drive the PB RST input. 
The debounced 
input ignores 


input pulses less than 1ms and is guaranteed 
to recog- 


nize pulses of 20ms or greater. The PB RST input has an 
internal 
pull-up 
to VCC of about 
100~A; therefore, 
an 
external pull-up resistor is not necessary. 


Watchdog Timer 


The ~P drives the ST input with an Input/Output 
(I/O) line. 


The ~P must toggle the ST input within a set period (as 
determined 
by TO) to verify proper software execution. 
If 


a hardware 
or software 
failure keeps ST from toggling 
within the minimum timeout period - ST is activated 
only 


by falling edges (a high-to-Iow transition) - the MAX1232 
reset outputs are forced to their active states for 250ms 
(Figure 
2). This typically 
initiates 
the 
~P's power-up 
routine. If the interruption continues, new reset pulses are 
generated 
each timeout 
period until ST is strobed. 
The 
timeout period is determined 
by the TO input connection. 


This timeout period is typically 
150ms with TO connected 
to GNO, 600ms 
with TO floating, 
or 1200ms 
with TO 
connected 
to VCC. 


The software routine that strobes ST is critical. The code 
must be in a section of software that executes frequently 
enough 
so the time between 
toggles 
is less than the 


watchdog 
timeout period. One common technique 
con- 
trols the ~P I/O line from two sections of the program. The 
software might set the I/O line high while operating 
in the 
foreground 
mode and set it low while in the background 
or interrupt mode. If both modes do not execute correctly, 
the watchdog 
timer issues reset pulses. 


I/O 


MICROPROCESSOR 
..NIIAXI..NII 


MAX1232 


RST 


MAX1232 Microprocessor Monitor 


Vcc 
RST 


..••.•AX •..••.• 


MAX1232 


Sf 


TO 
TOL 
GNO 


Figure 3. 
Pushbutton 
Reset. The debounced 
PB RST input 
ignores input pulses less than lms and is guaranteed 
to recognize 
pulses of 20ms or greater. 


~"i ~) 


NOTE: 
tro IS THE MAXIMUM ELAPSEDTIME BElWEEN Sf HIGH-TO-LOW 
TRANSITIONS (ST IS ACTIVATED BY FALLING EDGESONLY) WHICH WILL 
KEEPTHEWATCHDOG TIMER FROM FORCINGTHE RESETOUTPUTS 
ACTIVE FORA TIME OF IRsT. 1m IS AFUNCTION OF THEVOLTAGEAT 
THE TO PIN. AS TABULATED BELOW. 1m 


CONDITON 
MIN 
TVP 
MAX 


TOpin = OV 
52.5ms 
150ms 
250ms 


m~!~~~n ~~; 
~s 
1~; 
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t4 75V (5% TRIP POINT) 


____ 
')i:) 
t4 5V (10% 
TRIP POINT) 


lice 
/ 


tRPU 


Veejf 


5V(5% 
TRIP POINT) 


~ 
25V (10% 
TRIP POINT) 


IRPO 


RST 


L: 
ND R=-JT 


0.070" 


(1.78 
mm) 


ADVANCE INFORMATION 
First Page of Data Sheet in Preparation 
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MAX1259 Battery Manager 


_______ 
General Description 


The MAX1259 battery manager provides backup-battery 
switching 
for CMOS 
RAM, microprocessors, 
or other 
low-power 
logic 
ICs. 
It automatically 
switches 
to the 
backup 
battery when the primary power supply is inter- 
rupted. 
Low-loss switches guarantee an input-to-output 
differential 
of only 200mV while supplying 
250mA from 
the primary power supply or 15mA from the battery. 


Battery discharge 
during shipping 
does not occur in the 
MAX1259, 
since 
the 
backup 
battery 
can 
be discon- 
nected by strobing the RST input. 


A battery-failure 
output signal indicates when the backup 
battery 
is below 
+2V, and 
a power-fail 
output 
signal 


indicates 
when the primary 
power supply 
is low. 
The 
MAX1259 monitors the backup battery, warns of impend- 
ing power 
failures, 
and 
switches 
the memory 
to the 
battery when failures occur. 
The MAX1259 is pin-com- 
patible with the DS1259, but consumes 
three times less 
supply 
current. 
Commercial, 
extended 
and 
military 
temperature 
range devices are available. 
__________ 
Applications 


Battery Backup for CMOS RAM 


Uninterruptable 
Power Supplies 
Computers 
Controllers 
Automotive Systems 


.••••..-I .•••• 
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/V' /J X I/v' 
is a registered 
trademark 
of Maxim Integrated 
Products. 


Features 


• 
Switches 
to Backup 
Ba"ery 
if Power Fails 


• 
Consumes 
Less than 100nA of Ba"ery 
Current 


• 
Power-Fail 
Output 
Signals 
Primary 


Power-Supply 
Loss 


• 
Ba"ery 
Monitor 
Indicates 
Low Battery 


• 
Ba"ery 
Can Be Disconnected 
to Prevent 


Discharge 
During 
Shipping 


• 
Battery 
Automatically 
Reconnected 
when Vcc 
is Applied 


• 
Pin-Compatible 
with the 051259 


• 
Supply 
Current 
Three Times 
Lower than 051259 


• 
Available 
in Industrial 
and Military 
Temperature 


Ranges 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MAX12S9CPE 
O'C to +70'C 
16 Plastic DIP 


MAX12S9CWE 
O'C to +70'C 
16 Wide SO 


MAX12S9C/w 
O'C to +70'C 
Dice" 


MAX12S9EPE 
-40'C to +8S'C 
16 Plastic DIP 


MAX12S9EWE 
-40'C to +8S'C 
16 Wide SO 


MAX12S9MJE 
-SS'C to + 12S'C 
16 CERDIP 


_______ 
General Description 


The MAX690 Family of supervisory circuits reduce the 
complexity and number of components required for 
power supply monitoring and battery control functions in 
microprocessor systems. These include ",P reset and 
backup-battery 
switchover, watchdog 
timer, CMOS 


RAM write protection, and power-failure warning. The 
MAX690 Family significantly improves system reliability 
and accuracy compared to that obtainable with separate 
ICs or discrete components. 
The MAX690, MAX692 and MAX694 are supplied in 
a-pin packages and provide four functions: 
1) A Reset output during power-up, power-down and 


brownout conditions. 


2) Battery backup switching for CMOS RAM, CMOS 


microprocessor or other low power logic. 


3) A Reset pulse if the optional watchdog timer has not 


been toggled within a specified time. 


4) A 1.3V threshold detector for power fail warning, low 


battery detection, or to monitor a power supply other 
than +5V. 
The MAX691, MAX693 and MAX695 are supplied in 
16-pin packages and perform all 
MAX690/692/694 


functions, plus: 
1) Write protection of CMOS RAM or EEPROM. 
2) Adjustable reset and watchdog timeout periods. 
3) Separate outputs for indicating a watchdog timeout, 
backup-battery switchover, and low Vcc. 
__________ 
Applications 


Computers 
Controllers 
Intelligent Instruments 
Automotive Systems 
Critical ",P Power Monitoring 


_________ 
Pin Configuration 


• 
VUlT 


7 
RESET 


WOI 


5 
PFO 


VUlT 
1 


VOUT 
2 


Va: 


GNO 
• 


BATT ON 
5 


LOW UNE 
6 


OSC IN 
7 


OSC SEl 
• 
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Microprocessor 


Supervisory Circuits 


____________ 
Features 


• 
Precision Voltage Monitor 
4.65V In MAX690, MAX691, MAX694 and MAX695 
4.40V In MAX692 and MAX693 


• 
Power OK/Reset 
Time Delay - 
50, 200ms, or 


adjustable 


• 
Watchdog Timer - 100ms, 1.6 see, or 
adjustable 


• 
Minimum Component Count 
• 
1j£AStandby Current 
• 
Battery Backup Power Switching 


• 
Onboard Gating of Chip Enable Signals 
• 
Voltage Monitor for Power Fall or Low Battery 
Warning 


PART 
TEMP. RANGE 
PACKAGE 
MAX690CPA 
O'Cto 
+70'C 
8 Lead Plastic DIP 
MAX690EPA 
-40'C 
to +8S'C 
8 Lead Plastic DIP 
MAX690EJA 
-40'C 
to +8S'C 
8 Lead CERDIP 
MAX690MJA 
-SS'C 
to +12S'C 
8 Lead CERDIP 
MAX691C/D 
O'Cto 
+70'C 
Dice 


MAX691CPE 
O'Cto 
+70'C 
16 Lead Plastic DIP 


MAX691CWE 
O'Cto 
+70'C 
16 Lead Wide SO 


MAX691EPE 
-40·.C 
to +8S'C 
16 Lead Plastic DIP 


MAX691EJE 
-40'C 
to +8S'C 
16 Lead CERDIP 
MAX691 EWE 
-40'C 
to +8S'C 
16 Lead Wide SO 


MAX691MJE 
-SS'C 
to +12S'C 
16 Lead CERDIP 


Microprocessor 
Supervisory 
Circuits 


ABSOLUTE 
MAXIMUM 
RATINGS 


Terminal Voltage (with respect to GND) 


Vcc 
-0.3V 
to 6.0V 


VSATT 
-0.3V 
to 6.0V 
All Other Inputs (Note 1) .. -0.3V 
to (VOUT+O.SV) 


Input Current 


Vcc 
200mA 


VSATT 
SOmA 
GND 
20mA 


Output Current 


VOUT 
short circuit protected 
All Other Outputs 
20mA 


Rate-of-Rise, VSATT,Vcc 
100V/f.ls 


Operating Temperature Range 


C suffix 
O'C to + 70'C 


E suffix 
-40'C 
to +SS'C 
M suffix 
-SS'C to +12S'C 


Power Dissipation 
S Pin Plastic DIP 
(Derate Smwrc 
above +70'C) 
.400mW 


SPin CERDIP 
(Derate Smwrc 
above +SS'C) 
SOOmW 


16 Pin Plastic DIP 
(Derate 7mWrC 
above +70'C) 
600mW 


16 Pin Small Outline 
(Derate 7mWrC above +70'C) 
600mW 


16 Pin CERDIP 
(Derate 10mWrC above +SS'C) 
600mW 


Storage Temperature Range ..... 
-6S'C 
to +160'C 


Lead Temperature (Soldering, 10 seconds) .... 
300'C 


Stresses 
above 
those 
listed 
under 
''Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to the device. 
These are stress 
ratings 
only, and functional 
operation 
01 the device at these 
or any other 
conditions 
above 
those 
indicated 
in the operational 
sections 
01 the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
ratings 
conditions 
lor extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 


(Vee = full operating 
range, 
VBATT = 2.8V, 
T A = 25'C, 
unless 
otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


BATTERY BACKUP SWITCHING 


Operating 
Voltage 
Range 


MAX690, 
MAX691, 
MAX694, 
MAX695 
Vex. 
4.75 
5.5 


MAX690, 
MAX691, 
MAX694, 
MAX695 
VBATT 
2.0 
4.25 
V 
MAX692, 
MAX693 
Vex. 
4.5 
5.5 
MAX692, 
MAX693 
VBATT 
2.0 
4.0 


VOUT Output 
Voltage 
lOUT = 1mA 
Vcc-O.:" 
Vcc-0.1 
V 
lOUT = SOmA 
Vcc-0.5 
Vex.-0.25 


VOUT in Battery 
Backup 
Mode 
lOUT = 250JlA, 
Vcc < VBATT-0.2V 
VBATT-0.1 
VBATT-0.02 
V 


Supply 
Current 
(excludes 
lOUT) 
lOUT = 1mA 
2 
5 
mA 
lOUT = SOmA 
3.5 
10 


Supply 
Current 
in Battery 
Backup 
Mode 
Vex. = OV, VBATT = 2.8V 
0.6 
1 
p.A 


5.5V > Vcc > VBATT+1V 
Battery 
Standby 
Current 
TA = 25'C 
-0.1 
+0.02 
p.A 


(+ = Discharge, 
- 
= Charge) 
TA = Full Operating 
Range 
-1.0 
+0.02 


Battery 
Switchover 
Threshold 
Power 
Up 
70 
mV 
Vex. - 
VBATT 
Power 
Down 
50 


Battery 
Switchover 
Hysteresis 
20 
mV 


BAIT 
ON Output 
Voltage 
ISINK = 3.2mA 
0.4 
V 


BAIT 
ON Output 
Short 
BATT 
ON = VOUT = 4.5V Sink 
Current 
25 
mA 
Circuit 
Current 
BATT 
ON = OV Source 
Current 
0.5 
1 
25 
p.A 


RESET AND WATCHDOG TIMER 


TA = Full Operating 
Range 


Reset 
Voltage 
Threshold 
MAX690, 
MAX691, 
MAX694, 
MAX695 
4.5 
4.65 
4.75 
V 


MAX692, 
MAX693 
4.25 
4.4 
4.5 
V 


Aficroprocessor 


Supervisory 
Circuits 


ELECTRICAL 
CHARACTERISTICS 
(continued) 


(Vee = full operating 
range, 
VBATT = 2.8V, 
TA = 25"C, 
unless 
otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Reset 
Threshold 
Hysteresis 
40 
mV 


Reset 
Timeout 
Delay (MAX690/91 
192/93) 
Figure 6. OSC SEL HIGH, Vcc = 5V 
35 
50 
70 
ms 


Reset 
Timeout 
Delay (MAX694/95) 
Figure 6. OSC SEL HIGH, Vcc = 5V 
140 
200 
280 
ms 


Watchdog 
Timeout 
Period, 
Internal 
Oscillator 
Long Period, Vcc = 5V 
1.0 
1.6 
2.25 
see 


Short 
Period, Vcc = 5V 
70 
100 
140 
ms 


Watchdog 
Timeout 
Period, 
External 
Clock 
Long 
Period 
3840 
4097 
Clock 


Short 
Period 
768 
1025 
Cycles 


Minimum 
WDI Input Pulse Width 
V,L = 0.4, 
V,H = 0.8Vcc 
200 
ns 


RESET 
and LOW LINE Outpu1 Voltage 
ISINK = 1.6mA, 
Vcc = 4.25V 
0.4 
V 
ISOURCE = 1pA, Vcc = 5V 
3.5 


RESET 
and WDO 
Output 
Voltage 
IS1NK= 1.6mA 
0.4 


V 
ISOURCE = 1JlA, Vcc = 5V 
3.5 


Output 
Short 
Circuit 
Current 
RESET, 
RESET, 
WDO, 
LOW LINE 
1 
3 
25 
JlA 


WDI Input Threshold 
Vcc = 5V (Note 
2) 


Logic 
Low 
0.8 
V 
Logic 
High 
3.5 


WDI Input current 
WDI = VOUT 
20 
50 
pA 


WDI = OV 
-50 
-15 


POWER FAIL DETECTOR 


PFI Input Threshold 
Vcc = +5V, 
TA = Full 
1.2 
1.3 
1.4 
V 


PFllnput 
Current 
±0.01 
±25 
nA 


PFO Output 
Voltage 
IS1NK= 3.2mA 
0.4 
V 


ISOURCE = 1JlA 
3.5 
V 


PFO Short 
Circuit 
Source 
Current 
PFI = OV, PFO = OV 
1 
3 
25 
pA 


CHIP ENABLE GATING 


CE IN Thresholds 
V,L 
0.8 
V 
V,H 
3.0 


CE IN Pullup Current 
3 
pA 


ISINK = 3.2mA 
0.4 
CE OUT Output 
Voltage 
ISOURCE= 3.0mA 
VouT-1.5 
V 


ISOURCE= 1JlA, Vcc = OV 
VouT-0.05 


CE Propagation 
Delay 
Vcc = 5V 
50 
200 
ns 


OSCILLATOR 


OSC IN Input Current 
±2 
pA 


OSC SEL Input Pullup Current 
5 
JlA 


OSC IN Frequency 
Range 
OSC SEL = OV 
0 
250 
kHz 


OSC IN Frequency 
OSC SEL = OV 
kHz 
with External 
Capacitor 
Cose = 47pF 
4 


Note 
1: The input voltage 
limits on PFI and WDI may be exceeded 
provided 
the input current 
is limited 
to less than 10mA. 


Note 2: WDI is guaranteed 
to be in the mid· level (inactive) 
state if WDI is floating 
and Vcc is in the operating 
voltage 
range. WDI is internally 
biased 


to 38% 
of Vee with an impedance 
of approximately 
125 kilohms. 
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PIN 
NAME 
MAX690/ 
MAX691/ 
FUNCTION 


692/694 
693/695 


Vcc 
2 
3 
The +5V input. 


VBATT 
8 
1 
Backup 
battery 
input. 
Connect 
to Ground 
if a backup 
battery 
is not 
used. 


VOUT 
1 
2 
The higher 
of Vcc or VBATTis internally 
switched 
to VOUT.Connect 
VOUTto Vcc if 


VOUTand VBATTare not used. 


GNO 
3 
4 
OV Ground 
reference 
for all signals. 


RESET 
7 
15 
RESET 
goes 
low whenever 
Vcc falls 
below 
either 
the reset voltage 
threshold 
or 
the VBATT input 
voltage. 
The 
reset threshold 
is typically 
4.65V for the MAX690/ 


691/694/695, 
and 
4.4V for 
the 
MAX692 
and 
MAX693. 
RESET 
remains 
low 
for 
50ms after 
Vcc returns 
to 5V, (except 
200ms 
in MAX694/695). 
RESET 
also goes 


low for 50ms if the Watchdog 
Timer 
is enabled 
but not serviced 
within 
its timeout 
period. 
The 
RESET 
pulse 
width 
can 
be adjusted 
as shown 
in Table 
1. 


WOI 
6 
11 
The watchdog 
input, 
WOI, 
is a three 
level 
input. 
If WOI remains 
either 
high 
or 
low for longer 
than 
the watchdog 
timeout 
period, 
RESET 
pulses 
low and WOO 
goes 
low. The Watchdog 
Timer 
is disabled 
when 
WOI is left floating 
or is driven 
to 
mid-supply. 
The 
timer 
resets 
with 
each 
transition 
at the 
Watchdog 
Timer 
Input. 


PFI 
4 
9 
PFI is the 
non-inverting 
input 
to the 
Power 
Fail Comparator. 
When 
PFI is less 


than 
1.3V, PFO 
goes 
low. 
Connect 
PFI to 
GNO 
or VOUT when 
not 
used. 
See 


Figure 
1. 


PFO 
5 
10 
PFO is the output 
of the Power 
Fail Comparator. 
It goes low when 
PFI is less than 
1.3V. The comparator 
is turned 
off and PFO goes low when 
Vcc is below 
VBATT- 


CEIN 
- 
13 
The 
input 
to the 
CE gating 
circuit. 
Connect 
to GNO 
or VOUT if not 
used. 


CE OUT 
- 
12 
CE OUT 
goes 
low only 
when 
CE IN is low and Vcc is above 
the reset threshold 
(4.65V 
for 
MAX691 
and 
MAX695, 
4.4V for 
MAX693). 
See Figure 
6. 


BATT 
ON 
- 
5 
BATT 
ON goes 
high 
when 
VOUT is internally 
switched 
to the VBATTinput. 
It goes 
low when 
VOUT is internally 
switched 
to Vcc. 
The 
output 
typically 
sinks 
25mA 
and 
can 
directly 
drive 
the 
base of an external 
PNP transistor 
to 
increase 
the 
output 
current 
above 
the 50mA 
rating 
of VOUT. 


LOW LINE 
- 
6 
LOW LINE 
goes low when 
Vcc falls 
below 
the reset threshold. 
It returns 
high 
as 
soon 
as Vcc 
rises 
above 
the 
reset threshold. 
See Figure 
6, Reset Timing. 


RESET 
- 
16 
RESET 
is an active 
high 
output. 
It is the 
inverse 
of RESET. 


OSC 
SEL 
- 
8 
When 
OSC 
SEL is unconnected 
or driven 
high, 
the 
internal 
oscillator 
sets the 
reset 
time 
delay 
and 
watchdog 
timeout 
period. 
When 
OSC 
SEL 
is low, 
the 
external 
oscillator 
input, 
OSC 
IN, 
is enabled. 
OSC 
SEL 
has 
a 3/lA 
internal 
pullup. 
See Table 
1. 


OSCIN 
- 
7 
When 
OSC 
SEL 
is low, OSC 
IN can 
be driven 
by an external 
clock 
to adjust 
both 
the reset 
delay 
and the watchdog 
timeout 
period. 
The timing 
can also 
be 
adjusted 
by connecting 
an external 
capacitor 
to this 
pin. 
See Figure 
8. When 
OSC 
SEL is high 
or floating, 
OSC 
IN selects 
between 
fast and slow 
Watchdog 
timeout 
periods. 


WOO 
- 
14 
The 
Watchdog 
Output, 
WOO, 
goes 
low 
if WOI 
remains 
either 
high 
or low 
for 
longer 
than 
the 
Watchdog 
timeout 
period. 
WOO 
is 
set~ 
by 
the 
next 
transition 
at WOI. 
If WOI is unconnected 
or at mid-supply, 
WOO 
remains 
high. 


WOO 
also 
goes 
high 
when 
LOW LINE 
goes 
low. 


_______ 
Typical Applications 


JlAX691, JlAX693 and JlAX69lS 


A typical connection for the MAX691/693/695 isshow,n 
in Figure 1.CMOS RAM is powered from VOVT' VOUT 
IS 
internally connected to Vcc when 5V power IS present, 
or to VBATT when Vcc is less than the battery voltage. 
VOUT can supply 50mA from Vcr;, but if.more current 
is required, 
an external 
PNP transistor 
can 
be 
added. When Vcc is higher than VBATT, the BATT ON 
output goes low, providing 25mA of base drive for the· 
external transistor. When Vcc is lower than VBATT, an 
internal200n MOSFET connects the backup battery to 
VOUT' 
The quiescent current in the battery backup 
mode is 111Amaximum when Vcc is between OVand 
VBATT-700mV. 


Reset Output 
A....YQI1agedetector monitors Vcc and gellilliillls 
a 
RESET output to hold the microprocessor's Reset line 
low when Vcc is below 4.65V (4.4V for MAX693). An 
internal monostable holds RESET low for 50ms· after 
Vcc rises above 4.65V (4.4Vfor MAX693).This prevents 
repeated toggling of RESETeven if the 5V power drops 
out and recovers with each power line cycle. 


The crystal oscillator normally used to !;JE!neratethe 
clock for microprocessors takes several milliseconds to 
start. Since most~rocessors 
need several clock 
cycles to reset, RESET must be held low until the 
microprocessor 
clock 
oscillator 
has 
started. 
The 


'200ms for MAX695 


+5V 
Va: 
IIIPUT 
O.lIJ!' 
I 
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MAX690 Family power-up RESET pulse lasts 50ms· to 
allow for this oscillator start-up time. The manual reset 
switch and the O.1,uFcapacitor connected to the reset 
bus can be omitted if manual reset is not needed. An 
inverted, active high, RESET output is also supplied. 


Powe, Fa" Detecto, 


The MAX691/93/95 
issues a non-maskable interrupt 
(NMI) to the microprocessor when a power failure 
occurs. The +5V power line is monitored via two 
external resistors connected to the Power Fail Input 
(PFI). When the vol~ 
at PFI falls below 1.3V, the 
Power Fail Output (PFO) drives the processor's NMI 
input low. If a Pow~rFailthresh~ld of 4.8V is cho~en, the 
microprocessor Will have the time when Vcc falls from 
4.8V to 4.65V to save data into RAM. An earlier power 
fail warning can be gen~rated. if the unregl;Jlat~dDC 
input of the 5V regulator IS available for monltonng. 


RAil W,ite Protection 
The MAX691/93/95 CE Oll 
line drives th.e..{;hipSelect 
inputs of the CMOS RAM.CE OUT follows CE INas long 
as Vcc is above the 4.65V (4.4V for MAX69~reset 
threshold. If Vcc falls below the reset thresho.kl CE OUT 
goes high, independent of the logic level at CE IN. This 
prevents the microprocessor from writing erroneous 
data 
into 
RAM 
during 
power-up, 
power-down, 


brownouts, and momentary power interruptions. The 
LOW LINE output goes low when Vcc falls below 4.65V 
(4.4V for MAX693). 


----y------------ 
o.llJ!' 


I 
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i5 


VIATTVa: 
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2 
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CE III 
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7 
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RESET 
15 


RESET 


~ 
Jo.llJ!' 


IIMI 


RESET 
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Watchdog Tlmar 


The microprocessor drives the WATCHDOG INPUT 
(WDI)with an I/O line. When OSC IN and OSC SEL are 
u~connected, the microprocessor must toggle the WDI 
Pin on~e every 1.6 seconds to verify proper software 
execution. If a hardware or software failure occurs such 
lbatWDl not toggled, the MAX691/93 will issue a 50ms· 
RESE! pulse after 1.6 seconds. This typically ~ 
the microprocessor's power-up routine. A new RESET 
pulse is issued every 1.6 seconds until WDI is again 
strobed. 
The WATqHDqG 
OUTPUT (WOO) goes low if the 
watchdQgJjmer IS not serviced within its timeout period. 
Once WOO goes low it remains low until a transition 
occurs at WDI. The watchdog timer feature can be 
disabled by leaving WDI unconnected. OSC IN and OSC 
SEL also allow other watchdog timing options as shown 
in Table 1 and Figure 8. 
' 
IIAX690, IIAX692 andIIAX694 
The 8 pin MAX690, MAX692 and MAX694 have most of 
the features of the MAX691, MAX693 and MAX695. 


Figu~e ? shows t~e ~AX690/692/694 
in a typical 
apphcatlon. Operation IS much the same as with the 
MAX691/693/695 (Figure 1) but in this case the Power 
Fail Input (PFI) monitors the unrea.ulated.input to the 
7805 regulator. The MAX690/694 ~put 
goes 
low when Vcc falls below 4.65V. The RESET output of 
the MAX692 goes low when Vcc drops below 4.4V. 
The current consumption of the battery-backed-up 
power 
bus 
must 
be 
less 
than 
50mA.. 
The 
MAX690/692/694 does not have a BATT ON output to 
drive an external transistor. The MAX690/92/94 
also 
does not include chip enable gating circuitry that is 
available.-on the MAX691/93/95. 
In many systems 
though, CE gatin~needed 
since a low input to the 
microprocessor RESET line prevents the processor 
from writing to RAM during power-up and power-down 
transients. 
The MAX690/92/94 
watchdog timer has a fixed 1.6 
second timeout period. If WD.L.mrnairlseither low or high 
fo~more than 1.6seconds, a RESET pulse is sent to the 
microprocessor.The watchdog timer is disabled if WDI is 
left floating. 


+IV 
+5V 
2 
O.lJAf 
POWER 
7805 
MICIIO- 


HERMINAL 
Vcc 
Vour 
TO 
PIlOCESSOlI 


RE6ULATOR 
CMOS 
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Io.lJAf 
""'AX'''''' 
RAM 


-= 
MICROPIlOCESSOR 


RESET 
4 
PFI 
NMI 


I/O UNE 
6NO 
3 
-= 
-= 


Figure 2. MAX690/692/694 
Typical 
Application 
5·24 
~AXI~ 


_______ 
Detailed Description 


Battery-Switchover 
and VOUT 


The 
battery 
switchover 
circuit 
compares 
Vcc 
to 
the 
VSATT input, and connects 
VOUT to whichever 
is higher. 


Switchover 
occurs 
when 
Vcc 
is 50mV 
greater 
than 
VSATT as Vcc falls, and when Vcc 
is 70mV more than 
VSATT as Vcc 
rises 
(see 
Figure 
4). The 
switchover 
comparator 
has 
20mV 
of 
hysteresis 
to 
prevent 


repeated, 
rapid 
switching 
if Vcc 
falls 
very 
slowly 
or 
remains 
nearly equal to the battery voltage. 


When 
Vcc 
is higher 
than 
VSATT' VCf:, is internally 
switched 
to VOUT via a low saturation 
PNP transistor. 
VOUT has 
50mA 
output 
current 
capability. 
Use 
an 
external 
PNP pass transistor 
in parallel 
with 
internal 
transistor 
if the 
output 
current 
requirement 
at VOUT 
exceeds 
50mA or if a lower VCC-VOUTvoltage 
differen- 
tial is desired. 
The BATT ON output 
(MAX6911693/695 
only) 
can 
directly 
drive 
the 
base 
of 
the 
external 
transistor. 


It should 
be noted that the MAX690/91/92/93/94/95 
need 
only 
supply 
the 
average 
current 
drawn 
by the 
CMOS 
RAM if there 
is adequate 
filtering. 
Many 
RAM 
data sheets 
specify 
a 75mA 
maximum 
supply 
current, 
but this peak 
current 
spike 
lasts only 100ns. A 0.1,uF 
bypass 
capacitor 
at 
VOUT 
supplies 
the 
high 
instantaneous 
current, while VOUT need only supply the 
average 
load current, which is much less. A capacitance 
of 0.1/lF 
or greater 
must 
be connected 
to the 
VOUT 
terminal 
to ensure stability. 


A 2000 
MOSFET 
connects 
the VSATT input 
to VOUT 


VSATT 


1 


OSC IN 


OSC SEL 
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during battery backup. This MOSFET 
has very low input- 
to-output 
differential 
(dropout voltage) 
at the low current 
levels 
required 
for battery 
backup 
of CMOS 
RAM 
or 
other 
low 
power 
CMOS 
circuitry. 
When 
Vcc 
equals 
VSATTthe supply current is typically 
12/lA. When Vcc is 
between 
OV and 
(VSATT-700mV) 
the 
typical 
supply 
current 
is only 600nA 
typical, 
1/lA maximum. 


The 
MAX690/691/694/695 
operates 
with 
battery 
voltages 
from 
2.0V 
to 4.25V 
while 
the 
MAX692/693 
operates 
with battery 
voltages 
from 2.0V to 4.0V. High 
value 
capacitors, 
either 
standard 
electrolytic 
or 
the 
farad-size 
double 
layer capacitors, 
can also be used for 
short-term 
memory 
backup. 
The charging 
resistor 
for 
both capacitors 
and rechargeable 
batteries 
should 
be 
connected 
to VOUT since this eliminates 
the discharge 
path that exists if the resistor 
is connected 
to Vcc. 


A small charging 
current 
of typically 
10nA (0.1pA max) 
flows out of the VsATTterminal. 
This current 
varies with 
the amount 
of current 
that is drawn 
from 
VOUT but its 
polarity 
is such 
that 
the 
backup 
battery 
is always 
slightly 
charged, 
and is never discharged 
while Vcc is 
in its operating 
voltage 
range. This extends 
the shelf 
life of the backup 
battery 
by compensating 
for its self- 


discharge 
current. 
Also note that this current 
poses no 
problem 
when 
lithium 
batteries 
are used for 
backup 


since the maximum 
charging 
current 
(0.1pA) is safe for 
even the smallest 
lithium 
cells. 


If the battery-switchover 
section 
is not used, connect 


VSATTto GND and connect 
VOUTto Vcc. Table 2 shows 
the 
state 
of the 
inputs 
and 
output 
in the 
low power 
battery 
backup 
mode. 


CHIP ENABLE OUTPUT 


6 
LOW LINE 


15 
RESET 
16 


WATCHOOG INPUT 


POWER FAIL 
INPUT 
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-----------------------------,r< 
TO CMOS 
RAM ANO 
REALTIME 
CLOCK 
Vee IN 


LOW 10 MOOE 


SELECT 


Res.t Output 


RESET is an active low output which goes low whenever 
Vcc falls below 4.5V (MAX690/691/694/695) 
or 4.25V 


(MAX692/693). 
It will remain low until Vcc rises above 
4.75V 
(MAX690/691/694/695) 
or 4.5V (MAX692/693) 


for 50 milliseconds". 
See Figures 5 and 6. 


The guaranteed 
minimum 
and maximum 
thresholds 
of 
the 
MAX690/691/694/695 
are 4.5V and 4.75V, while 
the 
guaranteed 
thresholds 
of 
the 
MAX692/693 
are 
4.25V 
and 
4.5V. 
The 
MAX690/691/694/695 
is 
compatible 
with' 
5V 
supplies 
with 
a 
+10%, 
-5% 


tolerance 
while 
the 
MAX692/693 
is compatible 
with 
5V±10% 
supplies. The reset threshold 
comparator 
has 
approximately 
50mV 
of 
hysteresis, 
with 
a 
nominal 


threshold 
of 4.65V 
in the MAX690/691/694/695, 
and 
4.4V in the MAX692/693. 


The response 
time of the reset voltage 
comparator 
is 
about 
100Jls. Vcc 
should 
b~sed 
to ensure 
that 
glitches 
do not activate 
the RESET output. 


RESET also goes low if the Watchdog 
TImer is enabled 
and 
WDI 
remains 
either 
bi9h....QL low longer 
than 
the 
watchdog 
timeout 
period. 
RESET 
has an internal 
3JlA 
pullup, 
and 
can 
either 
connect 
to an open 
collector 
Reset 
bus or directly 
drive 
a CMOS 
gate 
without 
an 
external 
pullup resistor. 


'200ms for MAX694 and MAX695 


I 0.1id' 


BATT ON 


IMAX691, 
MAX693, 
MAX695 
ONLY) 


INTERNAL 
SHUTDOWN 
SIGNAL 
WHEN 
VBm > Vee + 0.7V 


CE Gating and RAil Writ. Protection 


The MAX691 
MAX693 
al1Q...MAX695 use two 
pins to 
control the Chip EnCltllil or Write inputs of CMOS RA~ 
When Vcc is +5V, 
CE OUT is a buffered 
replica of CE 
IN, with 
a 50ns 
propagation 
delay. 
If Vcc 
input 
falls 
below 
~V 
(4.5V 
min, 4.75V 
max) an inWrnal 
gate 
forces 
CLOUT 
high, 
independent 
of 
CE 
IN. 
The 
MAX693 
CE OUT 
goes 
high when~r 
Vcc 
is below 
4.4V 
(4.25V 
min, 4.5V 
max). 
The 
CE output 
of both 
devices is also forced high when Vcc is less than VBATT. 
(See Figure 5.) 


CE OUT typically 
drives 
the CE, CS, or Write 
input of 
battery 
backed 
up 
CMOS 
RAM. 
This 
ensures 
the 
integrity 
of 
the 
data 
in memory 
by preventing 
write 
operations 
when 
Vcc 
is at 
an 
invalid 
level. 
Similar 
j2[Qtection of EEPROMs 
~e 
ac~d 
by using the 
CE 
OUT 
to 
drive 
the 
Store 
or 
Write 
inputs 
of 
an 
EEPROM, 
EAROM, 
or NOVRAM. 


If the 50ns typ~1 
propagation 
delay of CE OUT is tQQ 
long, connect 
CE IN to GND and use the resulting 
CE 
OUT 
to control 
a high 
speed 
external 
logic 
gate. 
A 
sec<md alt~tive 
is to AND the LOW LINE output with 
~ 
or WR signal. 
An external 
logic gate and the 
RESET 
output 
of the 
MAX690/692/694 
can also 
be 
used for CMOS RAM write protection. 


Microprocessor 


Supervisory Circuits 


10 kHz ClDCK 
FROM TIMEBASE 
SECTION 


CE OUT 


LDW UNE 


METAL 


UNK 
TRIMMED 
RESISTORS 


I 
I 
I 
I 


VCC 
A4.7V 
\'4.6V 
14.7V 
t,4.6V 
I 
I 
I 
I 


I 
I 
I 
I 
I 
I 
I 
I 


RESET P 
1 
P=n 


OUTPUT 


I 
I 
I 
I 
I 
I 
I 
I 
I 


I 
I 
I 
I 


LOW LINE J 
1 
r 
1 
OUTPUT 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


CE IN 
I 
I 
I 
I 
I 


CE OUT 
VDUT = VBATT 


Aficroprocessor 
Supervisory 
Circuits 


1.3V Comparator and Power Fail Warning 


The Power Fail Input (PFI) is comparOOJo an intemal1.3V 
reference. 
The Power Fail Output 
(PFO) goes low when 


the voltage at PFI is less than 1.3V. Typically PFI is driven 
by an external 
voltage 
divider which 
senses 
either the 


unregulated 
DC input to the system's 
5V regulator or the 


regulated 
5V output. 
The voltage 
divider 
ratio can 
be 


chosen 
such 
that 
the voltage 
at PFI falls 
below 
1.3V 


several 
milliseconds 
before the +5V supply falls below 


4.75V. 
PFO 
is 
normally 
used 
to 
interrupt 
the 


microprocessor 
so that data can~ed 
in RAM before 


Vcc falls below 4.75V and the RESET output goes low 
(4.5V for MAX692/93). 


The Power 
Fail Detector 
can also monitor 
the 
backup 


battery to warn of a low battery 
condition. 
To conserve 


battery 
power,..JOO Power 
Fail Detector 
comparator 
is 


turned off and PFO is forced low when Vcc is lower than 
the VBATTinput voltage. 


Watchdog Timer and Oscillator 


The 
watchdog 
circuit 
monitors 
the 
activity 
of 
the 


microprocessor. 
If the microprocessor 
does not toggle the 


Watchdog 
Input (WDIl within the selected timeout period, 


a 50 millisecond' 
RESET pulse is generated. 
Since many 


systems 
cannot 
service the watchdog 
timer immediately 


after a reset, the MAX691/693/695 
has a longer timeout 


period after a reset is issued. The normal timeout 
period 
~s 
effective following the first transition of WDI after 


RESET has gone high. The watchdog timer is restarted at 


WATCHDOG INPUT 


Vee 
2.7V 


the end of Reset, whether the Reset was caused by lack of 
activity on WDI or by Vcc falling below the reset threshold. 
If WDI remains 
either 
high or low, reset pulses 
will be 


issued every 1.6 seconds. The watchdog 
monitor can be 


deactivated 
by floating the Watchdog 
Input (WDI). 


The 
Watchdog 
Output 
(WOO, MAX691/693/695 
only) 


goes low if the watchdog 
timer "times 
out" and remains 


low un~ 
high by the next transition 
on the watchdog 
input. WOO is also set high when Vcc goes below the 
reset threshold. 


The watchdog 
timeout period is fixed at 1.6 seconds 
and 


the 
reset 
pulse 
width 
is fixed 
at 50ms' 
on the 
8-pin 


MAX690, 
MAX692 and MAX694. The MAX691, MAX693 


and MAX695 allow these times to be adjusted per Table 1. 
Figure 8 shows various oscillator 
configurations. 


The 
internal 
oscillator 
is enabled 
when ose SEL is 


floating. 
In this mode, ose IN selects 
between 
the 1.6 


second 
and 100ms watchdog 
timeout 
periods. 
In either 


case, immediately 
after a reset the timeout 
period 
is 1.6 


seconds. 
This 
gives 
the 
microprocessor 
time 
to 
re- 


initialize 
the system. 
If ose IN is low, then the 100ms 


watchdog 
period 
becomes 
effective 
after 
the 
first 


transition 
of WDI. The software 
should 
be written 
such 


that the I/O port driving 
WDI is left in its power-up 
reset 


state until the initialization 
routines 
are completed 
and 


the 
microprocessor 
is 
able 
to 
toggle 
WDI 
at 
the 


minimum 
watchdog 
timeout 
period 
of 70ms. 
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Watchdog 
Timeout 
Period 
Reset Timeout 
Period 
OSC SEL 
OSCIN 
Normal 
Immediately 
After 
Reset 
MAX691/93 
MAX695 


Low 
External Clock Input 
1024 elks 
4096 elks 
512 elks 
2048 elks 


Low 
External Capacitor 
400ms X C 
1.6 see X C 
200ms X C 
BOOms X C 


47pF 
47pF 
47pF 
47pF 
Floating 
Low 
lOOms 
1.6 see 
50ms 
200ms 
Floating 
Floating 
1.6 see 
1.6 see 
50ms 
200ms 


Note 
1: The MAX690/692/694 
watchdog 
timeout 
period 
is fixed at 1.6 seconds 
nominal, 
the MAX690/692 
Reset pulse width 
is fixed 
at 50ms nominal 
and the MAX694 
is 200ms 
nominal. 


Note 2: When 
the MAX691 
OSC SEL pin is low, OSC IN can be driven 
by an external 
clock 
signal, 
or an external 
capacitor 
can be 


connected 
between 
OSC 
IN and GND. 
The 
nominal 
internal 
oscillator 
frequency 
is 10.24kHz. 
The 
nominal 
oscillator 
frequency 
with 
external 
capacitor 
is 
184,000 
Fosc(Hz) 
= --- 
C(pF) 
Note 
3: See Electrical 
Characteristics 
Table for minimum 
and maximum 
timing 
values. 
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Other Uses of the Power Fail Detector 


In Figure 9 the Power Fail Detector is used to initiate a 
system reset when Vcc falls to 4.85V. Since the 
threshold of the Power Fail Detector is not as accurate 
as the onboard Reset voltage detector, a trimpot must 
be used to adjlJilllliLvoltage 
detection threshold. Both 
the PFO and RESET outputs have high sink current 
capability and only 10/LA of source current drive. This 
allows the two outputs to be connected directly to each 
other in a "wired or" fashion. 
The overvoltage detector circuit in Figure 10 resets the 
microprocessor whenever the nominal 5V Vcc is above 
5.5V. The battery monitor circuit (Figure 11)shows the 
status of the memory backup battery. If desired, the CE 
OUT Gall be used to apply a test load to the battery. 
Since CE OUT is forced high during the battery backup 
mode, the test load will not be applied to the battery 
while it is in use, even if the microprocessor is not 
powered. 


Adding Hysteresis 
to the Power Fail Comparator 
Since the power fail comparator circuit is non-inverting, 
hysteresis ciill-be 
added by connecting a resistor 
between the PFO~ut 
and the PFI input as shown in 


Figure 12. When PFO is low, resistor R3 sinks ~nt 
from the summing junction at the PFI pin. When PFO is 
high, the series combination of R3 and R4 source 
current into the PFI summing junction. 


Alternate Watchdog Input Drive Circuits 
The Watchdog feature can be enabled and disabled 
under program control by driving WDI with a 3-state 
buffer (Figure 13). The drawback to this circuit is that a 
software fault 
may erroneously 3-state the 
buffer, 


thereby preventing the MAX690 from detecting that the 
microprocessor is no longer working. In most cases a 
better method is to extend the watchdog period rather 
than disabling the watchdog. See Figure 14. When the 
control input is high, the OSC SEL pin is low and the 
watchdog timeout is set by the external capacitor. A 
0.01/LFcapacitor sets a watchdog timeout delay of 100 
seconds. When the control input is low,the OSC SEL pin 
is driven high, selecting the internal oscillator. The 
100ms or the 1.6 sec period is chosen, depending on 
which diode in Figure 14 is used. 
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VSATT is connected 
to VOUT via internal 
MOSFET. 


Logic low 


Logic high. The open circuit 
output 
voltage 
is equal to VOUT. 


Logic low 


Logic 
high 


WDI is internally 
disconnected 
from its internal 
pullup and does not source 
or sink current 
as long as its input 
voltage 
is between 
GND and VOUT. The input voltage 
does 
not affect 
supply 
current. 


Logic 
high 


The Power 
Fail Comparator 
is turned 
off and the Power 
Fail Input voltage 
has no effect 
on the Power 
Fail 
Output. 


Logic 
low 


CE IN is internally 
disconnected 
from its internal 
pullup and does not source 
or sink current 
as long as its input 


voltage 
is between 
GND and VOUT. The input voltage 
does 
not affect 
supply 
currant. 


Logic high 


OSC IN is ignored. 


OSC SEL is ignored. 


Approximately 
12p.A is drawn from the VSATT input when Voc is between 
VSATT + 1OOmV and VSATT- 700mV. 


The supply 
current 
is l/lA 
maximum 
when 
Voc is less than VSATT-700mV. 


VSATT, VOUT 


RESET 


RESET 


LOW LINE 


BArrON 


WDI 


WOO 


PFI 


CEOUT 


OSCIN 


OSC SEL 


Voc 


PART 
TEMP. 
RANGE 
PACKAGE 


MAX692CPA 
O'C to +70'C 
8 Lead Plastic 
DIP 


MAX692EPA 
-40'C 
to +8S'C 
8 Lead Plastic 
DIP 


MAX692EJA 
-40'C 
to +8S'C 
8 Lead CERDIP 


MAX692MJA 
-SS'Cto 
+12S'C 
8 Lead CERDIP 


MAX693C/D 
O'C to +70'C 
Dice 


MAX693CPE 
O'C to +70'C 
16 Lead Plastic 
DIP 


MAX693CWE 
O'Cto 
+70'C 
16 Lead Small 
Outline 


MAX693EPE 
-40'C 
to +8S'C 
16 Lead Plastic 
DIP 


MAX693EJE 
-40'C 
to +8S'C 
16 Lead CERDIP 


MAX693EWE 
-40'C 
to +8S'C 
16 Lead Small 
Outline 


MAX693MJE 
-SS'C 
to +12S'C 
16 Lead CERDIP 


MAX694CPA 
O'Cto 
+70'C 
8 Lead Plastic 
DIP 


MAX694EPA 
-40'C 
to +8S'C 
8 Lead Plastic 
DIP 


MAX694EJA 
-40'C 
to +8S'C 
8 Lead CERDIP 


MAX694MJA 
-SS'Cto 
+12S'C 
8 Lead CERDIP 


MAX69SC/D 
O'Cto 
+70'C 
Dice 


MAX69SCPE 
O'Cto 
+70'C 
16 Lead Plastic 
DIP 


MAX69SCWE 
O'Cto 
+70'C 
16 Lead Small 
Outline 


MAX69SEPE 
-40'C 
to +8S'C 
16 Lead Plastic 
DIP 


MAX69SEJE 
-40'C 
to +8S'C 
16 Lead CERDIP 


MAX69SEWE 
-40'C 
to +8S'C 
16 Lead Small 
Outline 


MAX69SMJE 
-SS'C 
to +12S'C 
16 Lead CERDIP 


14 WOO 


13 CE IN 


12 CE OUT 


General Description 


The 
MAX696/697 
supervisory 
circuits 
reduce 
the 
complexity 
and number of components 
required for 
power supply monitoring and battery control functions 
in microprocessor 
systems. These include JlP reset 
and 
backup-battery 
switchover, 
watchdog 
timer, 


CMOS RAM write protection, and power-failure warn- 
ing. The MAX696/697 significantly 
improves system 


reliability 
and accuracy compared 
to that obtained 
with separate ICs or discrete components. 


The MAX696 and MAX697 are supplied 
in 16 pin 
packages and perform six functions: 
1. A Reset output during power-up, power-down and 
brownout 
conditions. 
The threshold 
for this "low 


line" 
reset is adjustable 
by an external 
voltage 
divider. 


2. A Reset pulse if the optional watchdog timer has 
not been toggled within a specified time. 
3. Individual outputs for low line and watchdog fault 
conditions. 


4. The Reset time may be left at its default value of 50 
ms. or may be varied with an external capacitor or 
clock pulses. 


5. A separate 1.3 volt threshold detector for power fail 
warning, 
low battery detection, 
or to monitor 
a 
power supply other than Vcc. 


The MAX696 also has battery backup switching 
for 
CMOS 
RAM, CMOS microprocessor, 
or other 
low 
power logic. 


The MAX697 lacks batt~ 
backup switching, but has 
write protection 
pins (CE,N and CEOUT) 
for CMOS 
RAM or EPROM. In addition, 
it consumes less than 
250 microamperes. 


Computers 
Controllers 
Intelligent 
Instruments 
Automotive 
Systems 
Critical JlP Power Monitoring 


VIATT 
RESET 
TEST 
, 
RESET 
vou, , 
" 
RESET 
A/C , 
" 
RESET 


Vee 
WOO 
Vee 
WOO 


GAD . 
lllN 
llilf 
.• 
1 
CElli 


BATT DA • 
, 
A/C 
GAD 
12 
CEOUT 
UiWliiE 
• 
11 
WDI 
LIlW lIAE . 
11 
WDI 


DSCno 
ffii 
use", 
ffii 


DSC SEl 
PFI 
DSC SEl 
• 
Pfl 
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___________ 
Features 


• 
Adjustable 
Low Line monitor 
and Power Down 
Reset 


• 
Power OK/Reset Time Delay 


• 
Watchdog Timer-100ms, 
1.6 see, or adjustable 


• 
Minimum Component Count 


• 
1JlA Standby Current 


• 
Battery Backup Power Switching (MAX696) 


• Onboard Gating of Chip Enable Signals (MAX697) 


• Separate Monitor 
for Power Failor 
Low Battery 
Warning 


PART 
TEMP. RANGE 
PACKAGE 


MAX696C/D 
O·C to +70·C 
Dice 


MAX696CPE 
O·C to +70·C 
16 Lead Plastic DIP 


MAX696CWE 
O·C to +70·C 
16 Lead Wide SO 


MAX696EPE 
-40·C 
to +8S·C 
16 Lead Plastic DIP 


MAX696EJE 
-40·C 
to +8S·C 
16 Lead CERDIP 


MAX696EWE 
-40·C 
to +8S·C 
16 Lead Wide SO 


MAX696MJE 
-SS·C to +12S·C 
16 Lead CERDIP 


MAX697C/D 
O·C to +70·C 
Dice 


MAX697CPE 
O·C to +70·C 
16 Lead Plastic 01P 


MAX697CWE 
O·C to +70·C 
16 Lead Wide SO 


MAX697EPE 
-40·C 
to +8S· C 
16 Lead Plastic DIP 


MAX697EJE 
-40·C 
to +8S·C 
16 Lead CERDIP 


MAX697EWE 
-40·C 
to +8S· C 
16 Lead Wide SO 


MAX697MJE 
-SS·C to +12S·C 
16 Lead CERDIP 
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ABSOLUTE MAXIMUM RATINGS 
Operating 
Temperature 
Range 


C suffix 
......................•......... 
0' C to +70' C 


E suffix 
-40°C 
to +85°C 


M suffix 
.................•......•. 
-55°C 
to +125°C 


Power 
Dissipation 
16 Pin Plastic 
DIP 


(Derate 
7mWI'C 
above +70°C) 
600mW 


16 Pin Small Outline 
(Derate7mWI'Cabove+70°C) 
........•...... 
600mW 


16 Pin CERDIP 
(Derate 
10mWI'C 
above +85'C) 
600mW 
Storage 
Temperature 
Range 
-65°C 
to +160°C 


Lead Temperature 
(Soldering, 
10 seconds) 
300° C 


Terminal 
Voltage 
(with respect 
to GND) 


Vcc 
-0.3V to 6.0V 


VSATT 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
-0.3V to 6.0V 


All Other 
Inputs 
(Note 1) 
-0.3V to (VOUT+0.5V) 


Input 
Current 
Vcc 
...............................•.......... 
200mA 
VSATT ............•..•....•.•....•.........•.... 
50mA 
GND 
............•..•....•..................... 
20m A 
Output 
Current 
VOUT ....................•...... 
short circuit 
protected 
All Other 
Outputs 
..........•................... 
20m A 
Rate-of-Rise, 
VSATT,Vcc 
......•....•....•....... 
100Vlps 


Stresses 
above 
those listed under 
''Absolute Maximum 
Ratings" 
may cause permanent 
damage 
to the device. 
These are stress ratings only, and 
functional 
operation 
of the device at these or any other conditions 
above those indicated 
in the operational 
sections of the specifications 
is not 
implied. 
Exposure 
to absolute maximum 
rating 
conditions 
for extended 
periods 
may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(Vcc = full 
operating 
range, 
VSATT= 2.8V, TA = 25° C, unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Operating 
Voltage 
Range 
TA = Full 
MAX696 
Vcc 
3.0 
5.5 
MAX696 VSATT 
2.0 
Vcc -o.3V 
V 
MAX697 
Vcc 
3.0 
5.5 


Supply 
Current 
(MAX697) 
TA = Full 
160 
300 
pA 


BATTERY BACKUP SWITCHING 
(MAX696) 


VOUTOutput 
Voltage 
lOUT= 1mA, TA = Full 
Vcc -0.3 
Vcc -0.1 
V 
lOUT= 50mA, TA = Full 
Vcc -0.5 Vcc -0.25 


VOUTin Battery 
Backup 
Mode 
lOUT = 250pA, Vcc < VSATT-O.2V, 
VSATT-0.1 VSATT-0.02 
V 
TA = Full 


Supply 
Current 
(excludes 
'OUT) 
lOUT= 1mA 
1.5 
4 
mA 
lOUT= SOmA 
2.5 
7 


Supply 
Current 
in Battery 
Backup 
Mode 
Vcc = OV, VSATT= 2.8V, TA = 25° C 
0.6 
1 
pA 
Vcc = OV, VSATT= 2.8V, TA = Full 
10 


5.5V > Vcc > VSATT+O.3V 
Battery 
Standby 
Leakage Current 
TA = 25°C 
-100 
+20 
nA 
TA = Full 
-1 
+0.02 
pA 


Battery 
Switchover 
Threshold 
Power Up 
70 
mV 
VCC-VSATT 
Power 
Down 
50 


Battery 
Switchover 
Hysteresis 
20 
mV 


BATT ON Output 
Voltage 
ISINK= 1.6mA 
0.4 
V 


BATT ON Output 
Short 
BATT ON = VOUT= 2.4V Sink Current 
7 
mA 
Circuit 
Current 
BATT ON = VOUT•Vcc = OV 
0.5 
2.5 
25 
pA 


RESET AND WATCHDOG 
TIMER 


Low Line Voltage Threshold 
(LL,N) 
I Vcc = +5V, +3V, TA = Full 
I 
1.25 
1.30 
1.35 
V 
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ELECTRICAL CHARACTERISTICS (continued) 
(Vcc ; full operating 
range, 
VBATT; 2.8V, TA ; 25°C, 
unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Reset Timeout 
Delay 
Figure 6. OSC SEL HIGH, 
Vcc ; 5V 
35 
50 
70 
ms 


Watchdog 
Timeout 
Period, 
Long 
Period, 
Vcc ; 5V 
1.0 
1.6 
2.25 
sec 
Internal 
Oscillator 
Short 
Period, Vcc ; 5V 
70 
100 
140 
ms 


Watchdog 
Timeout 
Period, 
Long 
Period 
4032 
4097 
Clock 
External 
Clock 
Short 
Period 
960 
1025 
Cycles 


Minimum 
WOI Input Pulse Width 
V'L ; 0.4, V,H ; 3.5V, Vcc ; 5V 
200 
ns 


RESET 
and RESET Output 
Voltage 
IS1NK; 400IlA, Vcc ; 2V, VBATT; 0 
0.4 


IS1NK; 1.6mA, 3V < Vcc < 5.5V 
0.4 
V 
(Note 3) 
ISOURCE; lilA, 
Vcc ; 5V 
3.5 


LOW LINE and WOO Output 
Voltage 
ISINK- 800IlA, TA ; Full 
04 
V 
ISOURCE; 
lilA, 
Vcc ; 5V, TA ; Full 
3.5 


Output 
Short 
Circuit 
Current 
RESET, 
RESET, WOO, LOW LINE 
1 
3 
25 
IlA 


WOI Input Threshold 
Vcc = 5V (Note 2) 
Logic 
Low 
0.8 
V 
Logic 
High 
(MAX696) 
3.5 
Logic 
High 
(MAX697) 
3.8 


WOI Input 
Current 
WOI 
= VOUT 
20 
50 
pA 
WOI = OV 
-50 
-15 


POWER FAIL DETECTOR 


PFI Input 
Threshold 
Vcc = 3V, 5V 
1.2 
1.3 
1.4 
V 


PFI-LL'N 
Threshold 
Difference 
Vcc = 3V, 5V 
±15 
±50 
mV 


PFI Input 
Current 
±0.01 
±25 
nA 


MAX697 
-25 
±0.01 
+25 
LL'N Input 
Current 
nA 
MAX696 
-500 
±0.01 
+25 


PFO Output 
Voltage 
ISINK= 1.6mA 
0.4 
V 
ISOURCE= lpA, 
Vcc = 5V 
3.5 
V 


PFO Short 
Circuit 
Source 
Current 
PFI = OV, PFO = OV 
1 
3 
25 
pA 


CHIP ENABLE 
GATING 
(MAX697) 


- 
V'L 
0.8 
CE IN Thresholds 
V,H, Vcc = 5V 
3.0 
V 


CE IN Pullup 
Current 
3 
pA 


ISINK= 1.6mA 
0.4 
CE OUT Output 
Voltage 
ISOURCE= 800pA 
Vcc -o.5V 
V 
ISOURCE= lpA, 
Vcc = OV 
Vcc -0.05 


CE Propagation 
Delay 
Vcc = 5V 
80 
150 
ns 


OSCILLATOR 


OSC IN Input 
Current 
±2 
pA 


OSC SEL Input 
Pullup 
Current 
5 
pA 


OSC IN Frequency 
Range 
OSC SEL = OV 
0 
250 
kHz 


OSC IN Frequency 
OSC SEL = OV 
kHz 
with 
External 
Capacitor 
Cosc 
= 47pF 
4 


Note 1: 
The input 
voltage 
limits 
on PFI and WOI may be exceeded 
providing 
the input current 
is limited 
to less than 
10mA. 


Note 2: 
wor 
is guaranteed 
to be in the mid-level 
(inactive) 
state if WOI is floating 
and Vcc is in the operating 
voltage 
range. 


WOI is internally 
biased to 38% of Vcc with an impedance 
of approximately 
125 kilohms. 


Note 3: 
TA = Full Operating 
Range. 


IDI 
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PIN 
NAME 
MAX696 
MAX697 
FUNCTION 


Vcc 
3 
3 
The +5V input. 


VSATT 
1 
- 
Backup 
battery input. Connect 
to Ground 
if a backup 
battery 
is not used. 


VOUT 
2 
- 
The higher of Vcc or VSATTis internally 
switched 
to VOUT.Connect 
VOUTto Vcc if 
VOUTand VSATTare not used. 


GND 
4 
5 
OV ground 
reference 
for all signals. 


RESET 
15 
15 
RESET goes low whenever 
LL'N falls below 1.3 volts or Vcc falls below the VSATT 


input 
voltage. 
RESET remains 
low for 50ms after 
LL'N goes above 
1.3 volts. 


RESET also goes low for 50ms if the Watchdog 
Timer is enabled 
but not serviced 
within 
its timeout 
period. The RESET pulse width 
can be adjusted 
as shown 
in 
Table 1. 


WDI 
11 
11 
The watchdog 
input, WDI, is a three level input. If WDI remains either high or low 
for longer than the watchdog 
timeout 
period, RESET pulses low and WDO goes 
low. The Watchdog 
Timer 
is disabled 
when WDI is left floating 
or is driven 
to 
mid-supply. 
The timer resets with each transition 
at the Watchdog 
Timer 
Input. 


PFI 
9 
9 
PFI is the non-inverting 
input 
to the Power 
Fail Comparator. 
When 
PFI is less 
than 
1.3V, PFO goes low. Connect 
PFI to GND 
or VOUTwhen 
not used. See 
Figure 
1. 


PFO 
10 
10 
PFO is the output of the Power Fail Comparator. 
It goes low when PFI is less than 
1.3V. The comparator 
is turned 
off and PFO goes low when Vcc is below VSATT. 


CE IN 
- 
13 
The input to the CE gating 
circuit. 
Connect 
to GND or VOUTif not used. 


CE OUT 
- 
12 
CE OUT goes low only when CE IN is low and LL'N is above 1.3V. See Figure 5. 


BATT ON 
5 
- 
BATT ON goes high when VOUTis internally 
switched 
to the VSATTinput. 
It goes 
low when VOUTis internally 
switched 
to Vcc. The output 
typically 
sinks 7mA and 
can directly 
drive the base of an external 
PNP transistor 
to increase 
the output 
current 
above the 50mA rating 
of VOUT. 


LOW LINE 
6 
6 
LOW LINE goes low when LL'N falls below 
1.3 volts. It returns 
high as soon as 
LL'N rises above 1.3 volts. See Figure 5, Reset Timing. 


RESET 
16 
16 
RESET is an active high output. 
It is the inverse RESET. 


OSCSEL 
8 
8 
When OSC SEL is unconnected 
or driven 
high, the internal 
oscillator 
sets the 
reset 
time 
delay 
and watchdog 
timeout 
period. 
When 
OSC 
SEL is low, the 
external 
oscillator 
input, 
OSC 
IN, is enabled. 
OSC 
SEL has a 3pA internal 
pullup. 
See Table 1. 


OSCIN 
7 
7 
OSC 
IN sets 
the 
Reset 
delay 
timing 
and 
Watchdog 
timeout 
period 
when 
OSC SEL floats or is driven 
low. The timing 
can also be adjusted 
by connecting 
an external 
capacitor 
to this pin. See Figure 7. When OSC SEL is high, OSC IN 
selects 
between 
fast and slow Watchdog 
timeout 
periods. 


WDO 
14 
14 
The Watchdog 
Output, 
WDO, goes low if WDI remains 
either 
high or low for 
longer 
than 
the 
Watchdog 
timeout 
period. 
WDO 
is set~ 
by 
the 
next 
transition 
at WDI. If WDI is unconnected 
or at mid-supply, 
WDO remains 
high. 


WDO also goes high when 
LOW LINE goes low. 


NC 
12 
2 
NO CONNECT. 
Leave this pin open. 


LL'N 
13 
4 
LOW LINE INPUT. LL'N is the CMOS 
input to a comparator 
whose other 
input 
is a precision 
1.3 volt reference. 
The output 
is LOW LINE and is also connected 
to the reset pulse generator. 
See Figure 
2. 


TEST 
- 
1 
Used during 
Maxim 
manufacture 
only. 
Always 
ground 
this pin. 


IfAX696 


A typical 
connection 
for the MAX696 is shown 
in 
Figure 1. CMOS RAM is powered from VOVT' VOUT is 
internally connected to Vcc when power IS present, 
or to VSATT when Vcc is less than the battery voltage. 
VOUT can supply 50mA from Vcc, but if more current 
is required, an external PNP transistor can be added. 
When Vcc is higher than VSATT' 
the BATT ON out- 
put goes low, providing 
7mA of base drive for the 
external transistor. When Vcc is lower than VSATT' an 
internal 2000 MOSFET connects the backup battery 
to VOUT' The quiescent current in the battery backup 
mode is 1/lA maximum when Vcc is between OV and 
VSATT -700mY. 
Reset Output 


A voltage 
detector 
monitors 
Vcc and generates a 
RESET 
output to hold the microprocessor's 
RESET 


line low when~ 
below 1.3V.An internal mono- 
stable holds 
RE::>ETlow for 50ms after LLI~ r~es 
above 1.3Y.This prevents repeated toggling of 
E ET 
even if the Vcc power drops out and recovers with 
each power line cycle. 
The crystal oscillator normally used to generate the 
clock for microprocessors takes several milliseconds 
to start. Since most micro 
rocessors need several 
clock cycles to reset, RE ET must be held low until 
the microRrocessor clock oscillator 
has started. The 
power-up RESET 
pulse lasts 50ms to allow for this 
oscillator 
start-up 
time. 
An 
inverted, 
active 
high, 
RESET output is also supplied. 


Microprocessor 
Supervisory Circuits 


Power 
Fail Detector 


The MAX696 issues a non-maskable interrupt (NMI) to 
the microprocessor when a power failure occurs. The 
power line is monitored 
via two external 
resistors 
connected 
to the Power Fail Input (PFI). When the 
vOltCfe at PFI falls below 1.3V,the Power Fail Output 
(PF 
) drives the processor's NMI input low. An earlier 
power fail warning can be generated if the unregulated 
DC input of the regulator is available for monitoring. 


Watchdog Timer 


The microprocessor 
drives the WATCHDOG INPUT 
(WDI) with an I/O line. When OSC IN and OSC SEL 
are unconnected, the microprocessor must toggle the 
WDI pin once every 1.6 seconds to verify proper soft- 
ware execution. 
If a hardware 
or software 
failure 
occurs such that WDI is not toggled, the MAX696 will 
issue a 50ms RESET 
pulse after 1.6 seconds. This 
typically 
restarts 
the 
microprocessor's 
power-up 
routine. 
A 
new RESET pulse 
is issued every 
1.6 
seconds until WDI is again strobed. 


The WATCHDOG OUTPUT 
(WOO) goes low if the 
watchdog 
timer 
is not serviced 
within 
its timeout 
period. Once WOO goes low it remains low until a 
transition 
occurs at WDI while RESET 
is high. The 
watchdog 
timer feature can be disabled by leaving 
WDI unconnected. OSC IN and OSC SEL also allow 
other watchdog timing options, as shown in Table 1 
and Figure 7. 
IfAX697 


The MAX697 is nearly identical to the MAX696. The 
MAX697 lacks the battery backup feature, so it does 
not have the VeATT, 
VOUT' 
or BATT ON pins. This 
allows the MAX697 to consume less than 250 micro- 
amperes, and it allows the inclusion 
of RAM write 
protection pins. See Figure 2. 
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1. MAX696 
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MAX696 
SUPPLY CURRENT AS A FUNCTION 
OF SUPPLY VOLTAGE 


1.50 
1.50 


1.25 
1.25 
:c 
~~ 
E 
1.00 
1.00 
0-- 
0--0 
ffi~ 
zo 


"'0 
.75 
.75 
~:E 
"':E 
"'>- 
~~ 
"'''' 
'-'~ 
~> 
.50 
.50 ~S 
:t 
~CD 
'"'" 
.25 
.25 


0 
0 
2 
4 
6 


SUPPLY VOLTAGE 


MAX697 


SUPPLY CURRENT AS A FUNCTION 
OF SUPPLY VOLTAGE 


T~ = 25"C 


250 


:c 
200 
.3- 
0--i 
150 


'"'-'i 


100 


50 


3 


SUPPLY VOLTAGE 


RESET TIMEOUT 
DELAY AS A 
FUNCTION 
OF SUPPLY VOLTAGE 


300 


250 


~ 
200 
0-- 


~~ 
150 
:E_ 
;::i 
100 


4 
5 


SUPPLY VOLTAGE 


Microprocessor 
Supervisory 
Circuits 


low 
current 
levels required 
for 
battery 
backup 
of 
=-- 
CMOS 
RAM or other 
low 
power 
CMOS 
circuitry. 
~ 
When Vce equals Vs,..n the supply current is typically 
•• 
l21JA. When Vcc is between OV and (V6ATT-700mV) 
"" 


the typical supply current is only 600nA typical, llJA 
~ 
maximum. 
VI 
The MAX696 operates with battery voltages from 2.0V 
CD 
to 4.2SV. The battery voltage 
should 
not be within 
•••. 


O.SV of Vcc or switchover 
may occur. 
High 
value 
~I 
capacitors, 
either standard electrolytic 
or the farad- 
~ 
size double 
layer capacitors, 
can also be used for 
0) 
short-term 
memory backup. The capacitor 
charging 
'A 
voltage 
should 
include 
a diode 
to 
limit 
the 
fully 
.., 
charged voltage to approximately 
O.SVless than Vcc. 
"I 
The 
charging 
resistor 
for 
rechargeable 
batteries 
should be connected to VOUTsince this eliminates the 
discharge path that exists if the resistor is connected 
to Vee. 


A small leakage current of typically 
10nA (20nA max) 


flows out of the VSATTterminal. This current varies with 
the amount of current that is drawn from VOUTbut its 
polarity 
is such that the backup 
battery 
is always 
slightly charged, and is never discharged while Vee is 
in its operating voltage range. This extends the shelf 
life of the backup 
battery 
by compensating 
for its 
self-discharge 
current. 
Also 
note that 
this 
current 


poses no problem when lithium batteries are used for 
backup since the maximum current (20nA) is safe for 
even the smallest lithium cells. 


If the battery-switchover 
section is not used, connect 


VSATTto GND and connect VOUTto Vcc. Table 2 shows 
the state of the inputs and output in the low power 
battery backup mode. 
-- 


Sattery-Sllllitcholle, 
and VOUT("'AX696) 


The battery switchover 
circuit 
compares Vcc to the 
VSA,TTinput, and connects VOUTto whichever 
IS higher. 
SWltchover occurs when Vcc .is SOmV greater than 
VSATTas Vcc falls, and when Vcc is 70mV more than 
VSATTas Vcc rises (See Figure 3). The switchover 
comparator 
has 20mV 
of 
hysteresis 
to 
prevent 
repeated, rapid switching 
if Vce falls very slowly or 
remains nearly equal to the battery voltage. 


When 
Vcc 
is higher 
than 
VSATT,Vcr, is internally 
switched to VOUTvia a low saturation PNP transistor. 
VOUT has SOmA output 
current 
capability. 
Use an 
external PNP pass transistor in parallel with the inter- 
nal transistor 
if the output 
current 
requirement 
at 
VQ\.JTexceeds SOmA or if a lower V8C~VOUTvoltage 
differential 
is desired. 
The 
BATT 
IN 
output 
can 
directly drive the base of the external transistor. 


l~should be noted that the MAX696 need only supply 
the average current drawn by the CMOS RAM if there 
is adequate filtering. Many RAM data sheets specify a 
7SmA maximum sllpply current, but this peak current 
spike lasts only lOOns. A O.lIJF bypass capacitor 
at 
VOUTsupplies the high instantaneous 
current, while 
VOUTneed only supply the average load current, which 
is much less. A capacitance of O.lIJFor greater must 
be connected to the VOUTterminal to ensure stability. 


A 2000 MOSFET connects the VjlhIL input to VOUT 
during 
battery backup. This MO::>FET has very low 
input-to-output 
differential 
(dropout 
voltage) 
at the 
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6 
CHIP ENABLE OUTPUT 
(MAX 697) 


LOW LINE 


15 
RESET 


16 


IMAX697) 
CHIP·ENABLE 
INPUT 


LLIN 


TIMEBASE 
FOR RESET 
AND 
WATCHDOG 


WATCHDOG INPUT 


POWER FAIL 
INPUT 
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Reset Output 


RESET is an active low output which goes low when- 
ever LLIN falls below 1.3 volts. It will remain low until 
LLIN rises above 1.312volts for 50 milliseconds. 
(See 


Figures 4 and 5.) 


The guaranteed 
minimum 
and maximum 
low line 


thresholds 
of the MAX696/697 are 1.2 and 1.4 volts. 
The 
LLIN comparator 
has approximately 
12mV of 


hysteresIs. 


The response time of the reset voltage comparator is 
about 100 microseconds. LLIN should be bypassed to 
ensure that glitches do not activate RESET output. 


RESET also goes low if the Watchdog Timer is en- 
abled and WDI remains either hig~ or low longer than 
the watchdog timeout period. RE ET has an internal 
3fJ.A pullup, 
and can 
either 
connect 
to 
an open 


collector 
Reset bus or directly 
drive a CMOS gate 


without an external pullup resistor. 


CE Gating and 


_____ 
RAM Write Protection 


The MAX697 uses two pins to control the Chip Enable 
or Write inputs of CMOS RAMs. When LLIN is> 
1.3V, 
CE OUT is a buffered replica of CE IN, with a 50ns 
propagation 
delay. If LLIN input falls below 1.3V (1.2 


min., 1.4 max.) an internal gate forces CE OUT high, 
independent of CE IN. The CE output is also forced 
high when Vcc is less than VSATT' 
(See Figure 4.) 


CE OUT typically drives the CE, CS or Wnte input of 
battery 
backed 
up CMOS 
RAM. This ensures the 


integrity 
of the data in memory by preventing write 
operations 
when Vac. is at an invalid level. Similar 


Q!:Qtectionof EEPR Ms can be ac~d 
by using the 
CE OUT to drive the Store or Write inputs of an 
EEPROM, EAROM, or NOVRAM. 


If the 50ns typi~ropagation 
delay of CE OUT is too 
long, connect 
CE IN to GND and use the reSUlting 
CE OUT to control a high speed external logic gate. A 
second alternative is to AND the LOW LINE output with 
the CE or WR signal. An external logic gate and the 
RESET output of the MAX696/697 can also be used 
for CMOS RAM write protection. 


1.2SV Comparator 
and Power 
Fail 
Warning 


The Power Fail Input (PFI) is compared to an internal 
1.3V reference. The Power Fail Output (pFO) goes 
low when the voltage at PFI is less than 1.3V.Typically 
PFI is driven 
by an external 
voltage divider 
which 
senses either the unregulated DC input to the system's 
Vr;x; regulator 
or the regulated 
output. The voltage 
diVider ratio can be chosen such that the voltage at 
PFI falls below 1.3V several milliseconds 
before the 
LLINfalls below 1.3V."'Pf'L>is normally used to interrupt 
the microprocessor 
so that data can be stored 
in 
RAM before LLIN falls below 
1.3V and the RESET 
output goes low. 


The Power Fail Detector can also monitor the backup 
battery to warn of a low battery condition. To conserve 
battery power, the Power Fail Detector comparator is 
turned off and "'Pf'L>is forced low when Vcc is lower 
than the VSATT input voltage. 
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Watchdog Timer and Oscillator 


The watchdog 
circuit 
monitors 
the activity 
of the 


microprocessor. If the microprocessor does not toggle 
the Watchdog Input (WOI) within the selected timeout 
period, a 50 milliseconds RESET pulse is generated. 
Since many systems cannot 
service the watchdog 


timer immediately after a reset, the MAX696/697 has a 
longer 
timeout 
period after a reset is issued. The 


normal 
timeout 
period becomes effective following 


the first transition of WOI after RESET has gone high. 
The watchdog timer is restarted at the end of Reset, 
whether the Reset was caused by lack of activity on 
WOI or by LLIN falling 
below 1.3V. If WOI remains 


either high or low, reset pulses will be issued every 
1.6seconds. The watchdog monitor can be deactivated 
by floating the Watchdog Input (WOI). 


The Watchdog Output WOO goes low if the watchdog 
timer "times out," and it remains low until set~by 
the next transition 
on the watchdog 
input. WOO is 


also set high when LLIN goes below 1.3V. 


The watchdog timeout period defaults to 1.6 seconds 
and the 
reset pulse width 
defaults 
to 
50ms. The 


MAX696 and MAX697 allow these times to be adjusted 
per Table 1. 


The internal oscillator 
is enabled when OSC SEL is 


high or floating. In this mode, OSC IN selects between 
the 1.6 second and 100ms watchdog timeout periods. 
In either case, immediately 
after a reset the timeout 


period is 1.6 seconds. This gives the microprocessor 
time to reinitialize the system. WO transmissions while 
RESET is low are ignored. If OSC IN is low, then the 
100ms watchdog 
period becomes effective after the 


first transition of WOI. The software should be written 


WATCHDDG INPUT 


Z.7V 


such that the I/O port driving WOI is left in its power- 
up 
reset state 
until 
the 
initialization 
routines 
are 
completed 
and the microprocessor 
is able to toggle 
WOI at the minimum 
watchdog 
timeout 
period 
of 
70ms. 


_______ 
Application 
Hints 
Adding Hyllte,...'. 
to the Power Fall eompendor 


Since 
the 
power 
fail 
comparator 
circuit 
is non- 
inverting, 
hysteresis can be added by connecting 
a 
resistor between the PFO output and the PFI input as 
shown in Figure 7. When PFO is low, resistor R3 sinks 
current 
from the summing 
junction 
at the PFI pin. 


When PFO is high, the series combination 
of R3 and 
R4 source current into the PFI summing junction. 


Alternate 
Watchdog Input Orl"e Circuits 


The Watchdog feature can be enabled and disabled 
under program control by driving WOI with a 3-state 
buffer (Figure 8). The drawback to this circuit is that a 
software 
fault 
may erroneously 
3-state the 
buffer, 


thereby preventing the MAX690 from detecting 
that 
the microprocessor 
is no longer 
working. 
In most 
cases a better method 
is to extend 
the watchdog 
period rather than disabling the watchdog. See Figure 
9. When the control input is high, the OSC SEL pin is 
low and the watchdog timeout is set by the external 
capacitor. A 0.01pFcapacitor sets a watchdog timeout 
delay of 100 seconds. When the control input is low, 
the OSC SEL pin is driven high, selecting the internal 
oscillator. The 100ms or the 1.6 sec period is chosen, 
depending on which diode in Figure 9 is used. 
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OSC SEL 
WATCHDOG 
TIMEOUT 
PERIOD 
RESET 
OSCIN 
NORMAL 
IMMEDIATELY 
TIMEOUT 
(Note 3) 
AFTER RESET 
PERIOD 


Low 
External 
Clock 
Input 
1024 clks 
4096 clks 
512 clks 


Low 
External 
Capacitor 
400ms 
x C 
1.6sec 
x C 
200ms 
x C 
47pf 
47pf 
47pf 


High/Floating 
Low 
lOOms 
1.6 sec 
50ms 


High/Floating 
Floating 
1.6 sec 
1.6 sec 
50ms 


Note 1: 
When 
the 
MAX696/697 
OSC 
SEL pin is low, OSC 
IN can be driven 
by an external 
clock 
signal, 
or an external 


capacitor 
can be connected 
between 
OSC IN and GND. The nominal 
internal 
oscillator 
frequency 
is 10.24kHz. The 


nominal 
oscillator 
frequency 
with external 
capacitor 
is F 
(H) 
_ 184,000 


osc 
z - Cosc(pF) 
Note 2: 
See Electrical 
Characteristics 
Table for minumum 
and maximum 
timing 
values. 


Note 3: 
"HIGH" 
for the OSC SEL pin should 
be connected 
to VOUT,not Vcc (on MAX696). 
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VeAH, Your 
RESET 


RESET 


LOW LINE 


BATTON 


WDI 


WDO 


PFI 


PFO 


CEIN 


CEOUT 


OSCIN 


OSC SEL 


Vcc 


VeAH is connected 
to Your via internal 
MOSFET. (MAX696 
only) 


Logic low 


Logic high. The open circuit 
output 
voltage 
is equal to Your. 


Logic low 


Logic high (MAX696 only) 


WDI is internally 
disconnected 
from its internal 
pullup 
and does not source or sink current 
as long as its input 


voltage is between GND and Your. The input voltage does not affect supply current. 


Logic 
high 


The Power Fail Comparator 
is turned 
off and the Power Fail Input 
voltage 
has no effect 
on the Power Fail 
Output. 


Logic 
low 


CE IN is internally 
disconnected 
from 
its internal 
pullup 
and does not source 
or sink current 
as long as its 
input voltage 
is between GND and Your. The input voltage does not affect supply current. 
(MAX697 only) 


Logic high (MAX697 only) 


OSC IN is ignored. 


OSC SEL is ignored. 


Approximately 
12pA is drawn 
from 
the VeAH input when Vcc is between 
VeAH + 100mV and VeAH - 700mV. 


The supply current 
is 1JJA maximum 
when Vcc is less than VeATT- 700mV. 


0.116" 


12.95mm) 


lllH 


woo 


CE IN 


CE OUT 
0.116· 
12.95mm) 


GNO 


General 
Description 


The MAX698 
and MAX699 monitor 
the +5V supply 
in 
QJ.icroprocessor 
and 
digital 
systems. 
They supply 
a 
RESET pulse of at least 140ms duration 
on power-up, 
power-down, 
and during low voltage "brown out" condi- 
tions. 
Circuit reliability is increased 
at reduced 
cost by 
eliminating 
all external components 
and adjustments. 


The MAX699 includes all features of the MAX698 but also 
provides 
a "watchdog" 
input to monitor microprocessor 
activity. 
The RESET output 
goes 
low if the watchdog 
input (WDI) is not toggled 
within 1 second. 
The watch- 
dog feature can be disabled 
by leaving WDI open. 


Both parts are supplied 
in 8 lead DIP and 16 lead 0.3" 
wide Small Outline (SO) packages and are specified from 
O·C to +70·C for "C" grade devices 
and -40·C to +85·C 
for "E" devices. 
The Small Outline versions, 
with more 
pins than the 8 lead DIP, have additional 
outputs 
not 
available 
in DIP packages. 
These are RESET (without 
inversion) and Watchdog 
Output (WDO). 
Applications 


Computers 


Controllers 


Intelligent Instruments 


Automotive 
Systems 


Criticall!P 
Power Monitoring 


+5V 
+5V 


DIP 


Vcc 
GNO 


RESET 


Vcc 
AIIAX1A11 
RESET 
MAX698 
~ 
MAXIM 
RESET 
MAX698 
N.C. (WOO)· 


GNO 
N.C. 
6 
INPUT 
MAX699· 


N.C. 


GNO 
N.C. 
N.C. 


~~I~JXI~~I 
Low Cost Power-On Reset 
and Watchdog Controllers 


• 
Precision Voltage Monitor 


• 
Power OK/Reset Time Delay 


• 
Watchdog Timer 


• 
Minimum Component 
Count 


PART 
TEMP. RANGE 
PACKAGE 


MAX698CPA 
O·C to +70·C 
8 Lead Plastic DIP 


MAX698CWE 
O·C to +70·C 
16 Lead Wide SO 


MAX698EPA 
-40·C to +85·C 
8 Lead Plastic DIP 


MAX698EWE 
-40·C to +85·C 
16 Lead Wide SO 


MAX699CPA 
O·C to +70'C 
8 Lead Plastic DIP 


MAX699CWE 
O·C to +70·C 
16 Lead Wide SO 


MAX699EPA 
-40'C to +85"C 
8 Lead Plastic DIP 


MAX699EWE 
-40·C to +85·C 
16 Lead Wide SO 


Low Cost Power-On Reset 
and Watchdog Controllers 


ABSOLUTE MAXIMUM RATINGS 


Vcc 
-0.3V to 6.0V 
Input Voltage (with respect 
to GND) 
WDI, WOO, RESET, RESET 
Operating 
Temperature 
Range 
MAX69XC 
MAX69XE 
. 


Rate of Rise, Vcc . . . 
. ..... 
100V/JJs 


Power Dissipation 


Plastic DIP (Derate 5mWrC above 70·C) 
400mW 
Small Outline (Derate 7mWrC above 70·C) 
. 
. 600mW 
Storage Temperature 
-65·C to +150·C 


Lead Temperature 
(Soldering 
10 seconds) 
+300·C 


Stresses 
above 
those 
listed under 
"Absolute 
Maximum 
Ratings· 
may cause 
permanent 
damage 
to the device. 
These 
are stress ratings 
only, and functional 
operation 
of the device 
at these or any other conditions 
above 
those indicated 
in the operations 
sections 
of the specifications 
is not implied. 
Exposure 
to absolute 
maximum 
rating conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL CHARACTERISTICS 
(TA; 
25·C, Vcc; 
+5V, unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Operating 
Voltage Range 
TA; 
Full 
3.0 
5.5 
V 


Supply Current 
5 
mA 


Power Up Reset De-Assertion 
TA; 
Full 
4.5 
4.65 
4.75 
V 


Power Down Reset Assertion 
TA; 
Full 
4.4 
V 


Hysteresis 
40 
mV 


Reset Output Pulse Width 
140 
500 
ms 


RESET Output 
(Open Drain) 
Output Low 
ISINK; 1.6mA, Vcc ; 4.4V 
0.4 
V 
Output High 
ISOURCE;11'A, Vcc ; 5V 
3.5 


RESET Output· 
SO Pkg. Only 
Output Low 
ISINK; 
1.6mA, Vcc ; 5V 
0.4 
V 
Output High 
ISOURCE; 
11'A, Vcc ; 4.4V 
3.5 


WOO Output - SO MAX699 Only 
Output Low 
ISINK; 1.6mA, Vcc; 
5V 
0.4 
V 
Output High 
ISOURCE; 11'A, Vcc ; 4.4V 
3.5 


MAX699 Watchdog 
1.0 
1.6 
2.25 
see 
Timeout Period 


MAX699 Minimum WDllnput 
200 
ns 
Pulse Width 


MAX699 WDllnput 
Threshold 
Logic Low 
Vce; 
+5V 
0.8 
V 
Logic High 
3.8 


MAX699 WDI Input Current 
WDI; 
Vee 
20 
50 
IlA 
WDI ;OV 
-50 
-15 


Low Cost Power-On Reset 
and Watchdog Controllers 
__________________________ 
Pin Description 


NAME 
FUNCTION 


Vcc 
+sv sense input and MAX698/699 
chip power. 


GNO 
Chip power GNO. 


RESET 
Goes low when Vcc falls below internally set threshold 
(See Electrical Characteristics). 


RESET 
(Small Outline devices only) Goes high when Vcc falls below internally set threshold. 


(MAX699 only) A three level input. 
If WOI remains high or low for more than the watchdog 


WOI 
timeout period, RESET pulses low (WOO also goes low on Small Outline MAX699). 
If WOI 
is unconnected 
or at mid supply, the watchdog 
circuit is disabled. 


WOO 


(Small Outline MAX699 onlll..§Qes 
low when WOI remains high or low for more than the 


watchdog 
timeout period. 
WOO is set high at the next WOI transition. 
If WOI is 


unconnected 
or at mid supply, WOO remains high. WOO also remains high when Vcc 


falls below 4.4V. 


Al!AXIAI! 


MAX698 
MAX699 


• Note: 
WDI DN MAX699 DNLY 
B.ESETDN SO PACKAGE ONLY 
WDO ON SO MAX699 ONLY 


Low Cost Power-On Reset 
and Watchdog Controllers 
________ 
Chip Topography 
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Power-Supply Monitor with Reset 


_______ 
General Description 


The MAX700/701/702 
are supervisory 
circuits 
used to 


monitor the power supplies in IlP and digital systems. The 
RESET/RESET outputs of the MAX700/701/702 
are guar- 
anteed to be in the correct state for VCC voltages 
down 


to + 1V (Figure 4). They provide excellent circuit reliability 
and low cost by eliminating 
external 
components 
and 


adjustments 
when used with +5V powered circuits. 


The MAX702 is the simplest part in the family. 
When VCC 
falls to 4.65V, RESET goes low. The MAX702 also pro- 
vides a debounced 
manual 
reset input. 
The MAX701 


performs 
the same functions 
but has both RESET and 
RESET outputs. 
Their primary function 
is to provide 
a 


system 
reset. 
Accordingly, 
an active 
reset signal 
is 


supplied 
for low supply voltages 
and for at least 200ms 
after the supply voltage reaches its operating 
value. 


In addition to the features of the MAX701 and MAX702, 
the MAX700 provides 
preset or adjustable 
voltage de- 


tection so thresholds 
other than 4.65V can be selected, 


and adjustable 
hysteresis. All parts are supplied 
in a-pin 
Plastic DIP and Narrow SO packages 
in commercial 
and 


extended 
temperature 
ranges. 


Computers 


Controllers 


Intelligent 
Instruments 


Automotive 
Systems 


CriticalllP 
Power Monitoring 


Features 


• 
Min 200ms RESET Pulse on Power-Up, 
Power-Down, 
and During Low-Voltage 
Conditions 


• 
Reset Threshold 
Factory Trimmed for +5V 
Systems 


• 
No External Components 
or Adjustments 
With 


+5V Powered Circuits 


• 
Debounced 
Manual Reset Input 


• 
Preset or Adjustable 
Voltage Detection (MAX700) 


• 
Adjustable 
Hysteresis 
(MAX700) 


• 
a-Pin Plastic DIP and Narrow SO Packages 
______ 
Ordering Information 


PART 
TEMP. RANGE 
PIN·PACKAGE 


MAX700CPA 
O·Cto +70·C 
8 PlasticDIP 


MAX700CSA 
O·Cto +70·C 
8 NarrowSO 


MAX700C/D 
O·Cto +70·C 
Dice 


MAX700EPA 
-40·Cto +85·C 
8 PlasticDIP 


MAX700ESA 
-40·Cto +85·C 
8 NarrowSO 


MAX701CPA 
O·Cto +70"C 
8 PlasticDIP 


MAX701CSA 
O·Cto +70·C 
8 NarrowSO 


MAX701C/D 
O·Cto +70·C 
Dice 


MAX701EPA 
-40·Cto +85·C 
8 PlasticDIP 


MAX701ESA 
-40·Cto +85·C 
8 NarrowSO 


MAX702CPA 
O·Cto +70·C 
8 Plastic DIP 


MAX702CSA 
O·Cto +70·C 
8 NarrowSO 


MAX702C/D 
O·Cto +70·C 
Dice 


MAX702EPA 
-40·Cto +85·C 
8 Plastic DIP 


MAX702ESA 
-40·Cto +85·C 
8 NarrowSO - 


Power-Supply Monitor with Reset 


Vcc 
-0.3V to +15.5V 
Voltage (with respect 
to GND) at RESET, RESET, HYST, 
CTL, SENSE . 
-0.3V to Vcc 
Operating 
Temperature 
Range 
MAX70_C 
. . . . . .. . . . .. . 
O'C to + 70'C 
MAX70_E 
-40'C to +85'C 


Rate of Rise, VCC 
Power Dissipation, 
any package 


Storage Temperature 
Range 
Lead Temperature 
(Soldering, 
10 sec.) 
. 


........ 
1ooV/l!s 
380mW 
-65'C to +150'C 
3OO'C 


Stresses beyond 
those listed under "Absolute Maximum Ratings" may cause permanent 
damage 
to the device. 
These are stress ratings 
only, and functional 
operation 
of the device at these or any other conditions 
beyond 
those indicated 
in the operational 
sections 
of the 
specifications 
is not implied. 
Exposure 
to absolute 
maximum 
rating conditions 
for extended 
periods 
may affect the device reliability. 


ELECTRICAL CHARACTERISTICS 
(TA ~ 25'C, Vcc ~ +5V, CTL ~ GND on MAX700, unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


VCC Monitor Voltage Range 
TA~TMINtoTMAX 
3 
15 
V 
MAX7000nly 
CTL ~ Vcc 


Min VCC For Valid Reset 
TA ~ TMIN to TMAX 
1.5 
1 
V 
Output. 
Declining 
Supply 
RESET :sO.4V when sinking 
1mA 


Supply Current 
100 
200 
l!A 


Reset Threshold 
Power-up 
TA ~ TMIN to TMAX 
4.5 
4.65 
4.75 
V 
Power-down 
4.5 
4.62 
4.75 


Internal Hysteresis 
HYST not connected 
30 
mV 


Reset Output Pulse Width 
200 
350 
500 
ms 


RESET Fall Time 
MAX7oo/701 
Only, CLOAD ~ 100pF 
200 
ns 


VCC Pulse Duration Guaranteeing 
No 
Reset 
5V to 4V VCC Pulse 
10 
1 
l!S 
Reset 
100 
10 


MR Input Threshold 
0.7 
V 


MR Pullup Current 
-5 
-30 
l!A 


MAX700 


RESET Output Low 
ISINK ~ 3.2mA, Vcc ~ 5V 
0.4 
ISINK ~ 1.6mA, VCC ~ 3V 
0.4 
RESET Output High 
ISOURCE~ 3.2mA, VCC ~ 4.25V 
VCC-O.4 
V 


ISOURCE~ 1.6mA, VCC ~ 3V 
VCC-O.4 
ISOURCE~ 0.5mA, VCC ~ 1.5V 
Vcc-O.4 


RESET Output Low 
ISINK ~ 16mA, VCC ~ 4.25V 
0.4 
ISINK ~ 1.6mA, Vcc ~ 3V 
0.4 
ISINK ~ O.4mA, VCC ~ 1.5V 
0.4 
V 
RESET Output High 
ISOURCE~ 3.2mA, VCC ~ 5V 
VCC-O.4 
ISOURCE~ 1.6mA, VCC ~ 3V 
VCC-O.4 


MAX701 


RESET Output Low 
ISINK ~ 16mA, VCC ~ 5V 
0.4 
RESET Output High 
ISOURCE~ 3.2mA, VCC ~ 4.25V 
VCC-0.4 
V 
ISOURCE~ 1.6mA, VCC ~ 3V 
VCC-O.4 
ISOURCE~ 0.5mA, VCC ~ 1.5V 
Vcc-O.4 


RESET Output Low 
ISINK ~ 3.2mA, Vcc ~ 4.25V 
0.4 


ISINK ~ 1.6mA, VCC ~ 3V 
0.4 
V 
ISINK ~ O.4mA, VCC ~ 1.5V 
0.4 
RESET Output High 
ISOURCE~ 3.2mA, VCC ~ 5V 
VCC-O.4 


Power-Supply Monitor with Reset 


ELECTRICAL CHARACTERISTICS 
(continued) 


(TA; 
25"C, Vcc; 
+5V, CTl; 
GND on MAX700, unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


MAX702 


RESET Output low 
ISINK; 3.2mA, VCC ; 4.25V 
0.4 
ISINK; 
1.6mA, Vcc 
; 3V 
0.4 
V 
-- 
ISINK; 0.4mA, VCC ; 
1.5V 
0.4 


RESET Output High 
ISOURCE; 3.2mA, Vcc ; 5V 
VCC-O.4 


MAX700 ONLY (CTL = Vcc, unless otherwise 
noted.) 


SENSE Input Threshold 
TA ; TMIN to TMAX 
1.25 
1.29 
1.35 
V 


SENSE Input Current 
0.1 
nA 


HYST Input On Resistance 
0.5 
kO 


CTl 
Input Threshold 
2 
V 


CTl 
Pulldown Current 
30 
100 
llA 


NAME 
FUNCTION 


VCC 
Chip power and +5V sensing 
input (when CTl 


; GND on MAX700). 


GND 
Ground 


RESET 
Goes low when VCC falls below 4.65V, or when 
CTl 
; VCC on the MAX700 goes low when 


SENSE falls below 1.9V. 


RESET 
MAX700, 701 only - Inverted Version of RESET. 


MR 
Input for manual push button reset. 
Has inter- 


naI511A~. 
low 
input activates 
the 
RESET/RESET outputs. 


CTl 
MAX700 only - When CTl ; GND, Vcc is moni- 
tored by the reset circuit. When CTl ; VCC, VCC 
is ignored and SENSE is monitored, allowing the 
threshold to be set with external resistors. 


HYST 
MAX700 only - Normally NOT used when volt- 
age is monitored through VCC (ClL 
; GND). 


When monrtoring through SENSE (CTl ; Vcc), 
HYST allows hysteresis to be added, reducing 
noise and spurious reset activi~e 
3). HYST 


turns on 511Sbefore the RESET/RESET outputs 
are activated, and its on resistance to GND is typi- 
cally lkO. 


SENSE 
MAX700 only - The voltage sense input when 
CTl 
; VCC. Its threshold 
is 1.29V. Sense al- 


ways remains connected 
to the internal compa- 


rator. So, when VCC is being monitored 
internally (CTl 
; GND), SENSE should be left 


open circuit. 


Power-Supply Monitor with Reset 


MANUAL 
RESET 


SUDON 


-l:L 
1 
~ 


N.C. 


GND 
RESET 
TO ~P 


R1 = R2 (1V~ 
-1): 
VL = LOWER VOLTAGE 
THRESHOLD 


R3 = VVT R 


V 


l 
Vu = UPPER VOLTAGE 
THRESHOLD 
u- l 


HYSTERESIS 
= Vu - Vl 


MANUAL 


RESET 
SUDON 
--.D- 
1 


I"" 


- 
N.C. 
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MR 
MAX700 
Vcc 


SENSE 
CTL 


HYST 
RESET 


GND 
RESET 


" 
"I 
I 
/ " 
/ 
""- 
"- 
'/ , 
" 
v 


Figure 4 shows the RESET output of the MAX700/701/702 
in the correct state for VCC voltages down to OV. Note the 
effect 
of the built-in 
hysteresis 
on the trigger 
level of 
RESET. 


_______ 
General Description 


The MAX790/MAX791 
supervisory 
circuits 
reduce 
the 
complexity 
and 
number 
of components 
required 
for 


power-supply 
monitoring and battery-control 
functions in 


microprocessor 
(J.IP) systems. 
These 
include 
J.IP 
reset, 
backup-battery 
switchover, 
watchdog 
timer, 


CMOS RAM write protection, 
and power-failure 
warning. 


The RESEToutput of the ICs is guaranteed 
to be in the 
correct state for VCC voltages 
down to 1V. 


The MAX790/MAX791 
offer several improvements 
over 
Maxim's 
MAX690 
Series of supervisory 
circuits, includ- 


ing 701lA supply 
current, 
10ns CE propagation 
delay, 


250mA 
output 
current 
(VCC mode), 
and 25mA output 


current (VBATI 
mode). 
The MAX790 is pin compatible 


with the MAX690. 


Computers 


Controllers 


Intelligent Systems 


Automotive 
Systems 


Critical J.IPPower Monitoring 


~~I~JXI~~I 


High.Performance 


Supervisory Circuits 
____________ 
Features 


• 
Precision 4.72V Monitor 


• 
250ms RESET Vcc Assertion Time 


• 
1.6sec or Adjustable 
Watchdog Timeout Period 


• 
Min Component 
Count 


• 
1J.1A Standby Current 


• 
Monitors Backup Batlery 


• 
Battery-Backup 
Power Switching 


• 
On-board Gating of Chip-Enable 
Signals 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MAX790CPA 
O'Cto +70"C 
8 
PlasticDIP 


MAX790C/D 
O·Cto +70'C 
Dice' 


MAX790EPA 
-40'C to +8S'C 
8 
PlasticDIP 


MAX790MJA 
-SS'Cto +12S'C 
8 CERDIP 


MAX791CPE 
O·Cto +70'C 
16 PlasticDIP 


MAX791CWE 
-O'Cto +70'C 
16 Wide SO 


MAX791C/D 
O·Cto +70'C 
Dice' 


MAX791EPE 
-40'C to +8S'C 
16 PlasticDIP 


MAX791EWE 
-40'C to +8S'C 
16 Wide SO 


MAX791MJE 
-SS'Cto +12S'C 
16 CERDIP 


~P 


SYSTEM 


~P RESET 


""'AX'''''' 
MAX790 


RESET 


PFO 


WOI 
I/O 
LINE 
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_______________ 
Analog Filters 


AN-6 


MAX260 
MAX261 
MAX262 
MAX263 
MAX264 
MAX265 
MAX266 
MAX267 
MAX268 
MAX270 
MAX271 
MAX274 
MAX275 
MAX280 
MAX281 
MAX291 
MAX292 
MAX293 
MAX294 
MAX295 
MAX296 
MAX297 
LTC 1062 


Choose 
the Right Lowpass 
Filter 
............•..•............•.•................•......... 
6-5 


JlP Programmable 
Universal 
Switched-Capacitor 
Filter 
6-13 


JlP Programmable 
Universal 
Switched-Capacitor 
Filter 
...................•...............• 
6-13 


JlP Programmable 
Universal 
Switched-Capacitor 
Filter 
.............•...•...........•...... 
6-13 


Pin Programmable 
Universal 
Switched-Capacitor 
Filter 
6-37 


Pin Programmable 
Universal 
Switched-Capacitor 
Filter 
.•................................. 
6-37 


Resistor/Pin 
Programmed 
Universal 
Switched-Capacitor 
Filter 
......................•..•... 
6-59 


Resistor/Pin 
Programmed 
Universal 
Switched-Capacitor 
Filter 
.........................•... 
6-59 


Pin Programmable 
Bandpass 
Switched-Capacitor 
Filter 
6-37 


Pin Programmable 
Bandpass 
Switched-Capacitor 
Filter 
...................•.....•......... 
6-37 


Digitally 
Programmed, 
Dual 2nd-Order 
Continuous 
Lowpass 
Filter 
............•.......•.... 
6-61 


Digitally 
Programmed, 
Dual 2nd-Order 
Continuous 
Lowpass 
Filter 
6-61 


8th-Order/4th-Order, 
Continuous-Time 
Analog 
Filters 
..•................•..............•.. 
6-77 


8th-Order/4th-Order, 
Continuous-Time 
Analog 
Filters 
..............•..............•....... 
6-77 


5th-Order, 
Zero-Error, 
Butterworth 
Switched 
Capacitor 
Lowpass 
Filter 
6-79 


5th-Order, 
Zero-Error, 
Bessel Switched-Capacitor 
Lowpass 
Filter 
6-91 


8th-Order, 
Clock-Tunable 
Lowpass 
Filters 
...................................•............ 
6-99 


8th-Order, 
Clock-Tunable 
Lowpass 
Filters 
....•........................•.................• 
6-99 


8th-Order, 
Clock-Tunable 
Lowpass 
Filters 
6-99 


8th-Order, 
Clock-Tunable 
Lowpass 
Filters 
.......................................•..•..... 
6-99 


8th-Order, 
Clock-Tunable 
Lowpass 
Filters 
6-99 


8th-Order, 
Clock-Tunable 
Lowpass 
Filters 
6-99 


8th-Order, 
Clock-Tunable 
Lowpass 
Filters 
.................•..........•................... 
6-99 


5th-Order, 
Zero-Error, 
Butterworth 
Switched 
Capacitor 
Lowpass 
Filter 
6-79 


FILTERS 
ANALOG))' • 
DESIGNGUIDE"r#. 


Un-Clocked Lowpass Filters Have 
96dB Dynamic Range 
No Design, No External Components Needed 


Do you have lowpass 
filteIing 
applications, 
such as anti-aliasing 
or output 
smoothing, 
requir- 


ing a wide 96dB dynamic 
range? 
Maxim's 
new 
MAX270 and MAX271 dual, 2nd-order 
Chebyshev 
fllters achieve an impressive noise level ofless than 
381.tVrmsby combining 
a proprietary 
low-noise cir- 
cuit design, 
with all noise-sensitive 
nodes 
inside 
the package, 
and a continuous-time 
architecture. 
Unlike switched-capacitor 
filters, continuous-time 
filters require NO clocking. 
This removes the need 
for clock signals 
in analog 
input 
and output 
cir- 
cuitry, where clock-noise 
coupling often degrades 
circuit performance. 
The 
MAX270/271 
are 
completely 
self-con- 
tained, 
making them easy-to-use. 
No calculations 
are 
required 
because 
the 
programmable 
comer 
frequency is set without any external 
components. 
Simply pick one of the 127 codes between 
1kHz and 
25kHz 
by pin-strapping 
for fIXed comer-frequency 
applications, 
or by writing 
a data 
word 
to the 
MAX270/271's 
JlP interface 
for variable comer-frequency 
applications. 
The MAX270 and MAX271 are identical, except the MAX271 adds a track-and-hold 
that can upgrade 
non-sampling, 
analog-to-digital 
converter 
designs to fast 500kHz sampling 
systems. 


TIME 


(5OO\lsldlv) 
Dynamic 
Range 
= 20109 (2.475VI38J.lV) 
= 96dB 


With a maximum 
lull·scale 
output 
swing 
012.475Vrm., 
MAX2701271 


wldeband 
noise at 1kHz to 25kHz corner 
Irequencles 
Is good 


enough 
lor 12· to 14·blt systems. 


Universal-Filter 
Designs Offer ~ 


or Pin-Strap Programmability 
Frequency Range: O.OIHz to 140kHz 


Maxim's 
MAX260 
family 
of 
switched-capacitor 
fllters realizes 
five 
filter functions 
with no precision exter- 
nal components 
required. 
Lowpass, 
bandpass, 
highpass, 
and 
allpass 
responses 
are obtained by selecting the 
appropriate 
output 
pin. 
Notch, a fifth 
response, 
is realized by summing 
the 
high pass and lowpass outputs. 
Center 
frequency 
(O.OIHz to 140kHz), Q, and 
operating 
mode 
are 
selected 
by 
microprocessor 
programming 
or pin- 
strapped 
logic 
inputs, 
requiring 
no 


MAX2601261/262 4th·order 
bandpass 
IIl1er. 
hardware 
changes. 
1)rpically, 
wideband 
noise 
is less than 
100JlVrms, and 
total 
harmonic 
distortion 
is better than 0.1%. 
This performance 
combined with the MAX260 
family's flexibility satisfies 
diverse filter requirements. 


ANALOG 
DESIGN GUIDE 


1 
Multiplexers, 
Switches 
Military 
2 
Interlace Products 


3 
Dp Amps 


4 
DC·DC Converters, 
Power Supplies 


5 
IlP Supervisory 


& 
Analoa Filters 


7 
AJOConverters 


8 
High Speed: 
Video 
Comoarators 


9 
D/A Converters 


Small 5th-Order Lowpass Filters 
With No DC Offset 
Design High-Order Filters in Two Easy Steps 


For circuit 
designs 
demanding 
accurate 
filtering 
with no DC offset. Maxim's 'new MAX280 and MAX281 
offer compact 
solutions 
In mlniDiP 
and small outline 
packages, 
The MAX280's Butterworth 
response 
has a 
flat frequency 
for audio. 
telecom, 
and dynamic 
signal 


analysis. 
The MAX281's Bessel response 
provides low 
overshoot and rapid settling. which Is Ideal for pulse and 
step Input signals for weigh scale and multiplexed 
Input 
source applications. 


Both filters Isolate the DC signal path and create a 
5th 
pole 
(In addition 
to the 
four 
generated 
by the 
MAX280/281) 
with a single resistor 
and capacitor. 
The 


combination 
of a single resistor 
In the DC signal path 
and the 50pA of MAX280/281 
bias current 
results 
In 


Input-to-output 
offset voltages below a few microvolts. 
The MAX280/281 
filter cutoff frequency (0.0 1Hz to 
20kHz) 
is set 
In two easy 
steps: 
Select 
the 
comer 
frequency, 
then choose either the capacitor 
or resistor 


value. 
The 100: 1 clock-to-cutofffrequency 
ratio results 
In clock ripple equal to 100 times the cutoff frequency. 
where It has either a negligible effect on circuit perfor- 
mance or can be easily removed. 
An external 
clock can 
be used for synchronous 
applications, 
while a capacitor 
generates 
an Internal 
clock for asynchronous 
designs. 


R 
IN-w..l 


CL 


...c- 


-5 V ---:::...- 


rOUT 
f 


+sv 


[____ 
fCLOCK 


MAX274/MAX275 
8th- / 4th-Order, Continuous-Time 
Filters 


• 
Quad/Dual 
2nd-Order 
Sections 
• 
Design Any All-Pole Response 
• 
Bandpass 
or Lowpass Filtering 


• 
Frequencies 
to: 150kHz (MAX274) 
300kHz (MAX275) 
• 
Programmed 
with Only Four External 


Resistors 


• 
Frequency 
Stable Over Temperature 
• 
NO Clocking 


MAX291/MAX292/MAX293 
8th-Order Ladder 
FUters 


• 
Butterworth 
Lowpass Filter (MAX29l) 


• 
Bessel 
Lowpass Filter (MAX292) 


• 
Elliptic 
Lowpass Filter (MAX293) 


• 
Comer Frequency 
Programmed 
by 100:1 Clock 


• 
No External 
Resistors 
or Capacitors 


• 
Cascadable 
for 16th-Order 
Rolloff 


Analog Filters 


Prlcet 
l0Q0-up 
Part Number 
Description 
Type' 
Orders" 
Class 
Cutoff Frequency 
Range 
Program Method 
($) 


MAX270 
Dual 
Lowpass 
CH 
4 
Continuous 
1.0kHz to 25kHz 
~P bus/pin 
strap 


MAX271 
Dual+T/H 
Lowpass 
CH 
4 
Continuous 
1.0kHz to 25kHz 
~P bus/pin 
strap 


MAX274 
Quad 
Band/lowpass 
BT,BL,CH 
8 
Continuous 
100Hz to 150kHz 
Resistor 
tt 


MAX275 
Dual 
Band/lowpass 
BT,BL,CH 
4 
Continuous 
100Hz to 300kHz 
Resistor 
tt 


MAX260 
Dual 
Biquad 
Universal 
4 
Switched capacitor 
O.OIHzto 75kHz 
~P bus 
6.49 


MAX261 
Dual 
Biquad 
Universal 
4 
Switched capacitor 
0.40Hz to 57kHz 
~P bus 
6.50 


MAX262 
Dual 
Biquad 
Universal 
4 
Switched capacitor 
l.ooHz to 140kHz 
~P bus 
7.49 


MAX263 
Dual 
Biquad 
Universal 
4 
Switched capacitor 
0.40Hz to 57kHz 
Pin strap 
6.89 


f(I 
w 
MAX264 
Dual 
Biquad 
Universal 
4 
Switched capacitor 
l.ooHz to 140kHz 
Pin strap 
7.50 


MAX265 
Dual 
Biquad 
Universal 
4 
Switched capacitor 
0.40Hz to 57kHz 
Pin/resistor 
6.49 


MAX266 
Dual 
Biquad 
Universal 
4 
Switched capacitor 
l.ooHz to 140kHz 
Pin/resistor 
7.50 


MAX267 
Dual 
Biquad 
Universal 
4 
Switched capacitor 
0.40Hz to 57kHz 
Pin strap 
6.50 


MAX268 
Dual 
Biquad 
Universal 
4 
Switched capacitor 
l.ooHz to 140kHz 
Pin strap 
7.00 


MAX280 
Single 
Lowpass 
BT 
5 
Switched capacitor 
0.01Hz to 20kHz 
Clock, resistor, capacitor 
4.87 


MAX281 
Single 
Lowpass 
BL 
5 
Switched capacitor 
0.01Hz to 20kHz 
Clock, resistor, capacitor 
3.99 


MAX291 
Single 
Lowpass 
BT 
8 
Switched capacitor 
lHzto 
25kHz 
Clock 
tt 


MAX292 
Single 
Lowpass 
BL 
8 
Switched capacitor 
1Hz to 25kHz 
Clock 
tt 


MAX293 
Single 
Lowpass 
ET 
8 
Switched capacitor 
1Hz to 25kHz 
Clock 
tt 


, BT= Butterworth, BL= Bessel, CH = Chebyshev, EL = Elliptic, Universal = All Filter Types 
•• Order level achieved by cascading all filters in package. 
t 
Prices provided are for design guidance and are FOB USA. International prices will differ due to local duties, taxes, and exchange rates. 


tt Future products - contact factory for pricing and availability. I 


APPLICATION 
NOTE 
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CHOOSE 
THE RIGHT 
L.OWPASS FIL.TER 


Filter design 
proceeds 
in two stages. First you express 
the desired 
filter response 
in terms of Q, order, corner 
frequency, 
and stop-band 
attenuation, then you 'realize' 


the filter by converting 
the resulting specs into hardware. 


Most designers 
prefer the first task, which relates closely 
to their immediate 
application, 
rather than the second, 
which requires specialized 
expertise. 


The realization expertise (and silicon) required for a given 
filter structure 
comes prepackaged 
in a monolithic 
low- 
pass filter. Such commercially 
available 
ICs-primarily 
switched-capacitor 
and 
non-switched 
programmable 
types-not 
only shrink the delay between filter definition 
and working prototype; 
they offer specifications 
guaran- 
teed by the manufacturer. 
Many designers 
prefer this 
prepackaged 
approach 
over 
discrete-component 
design as a way to avoid restrictions 
such as pc-board 
layout sensitivity, component 
tolerances, 
and parameter 
drift vs. time and temperature. 


Monolithic filters greatly simplify system design, but you 
need to pay close attention to specifications 
when select- 
ing them. Dynamic performance 
is critical in digital signal 
processing 
(DSP) systems, for example, 
but low offset 
voltage 
is more critical 
in DC measurements. 
No single 
filter satisfies all applications. 
The following 
discussion 
presents three typicallowpass-filter 
circuits, each stress- 
ing different specs for the monolithic 
filter. 
_______ 
DSP Applications 
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Examples of DSP Applications: speech processing, 
ultrasound, distortion analysis and other spectral 
measurements. 


In a DSP system, incoming 
frequencies 
higher than the 
Nyquist 
limit 
(one-half 
the 
sampling 
rate) 
must 
be 
removed by lowpass filtering before admission to the AID 
converter. If left in place, these frequencies 
fold back into 
the passband 
once they are digitized. 
As represented 
in 
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Figure 1. Aliasing of Digitized Signals 


the sampled 
data, such "alias" frequencies 
are indistin- 
guishable 
from valid passband 
signals (Figure 1). 


A second 
lowpass 
filter should 
be included 
if the DSP 
system generates an analog output with a D/A converter. 
The converter's 
analog output is a staircase of quantized 
voltage steps occurring 
at the clock rate. To reproduce 
the desired 
output, 
a lowpass 
filter must 'smooth' 
the 
analog signal by removing these clock-frequency 
com- 
ponents. 


Any 10-bit sampling 
system exhibits quantization 
noise 
that limits the achievable 
signal-to-noise-and-distortion 
(SINAD) ratio to approximately 
62dB. To maintain 10-bit 
accuracy, 
the anti-aliasing 
filter, AID converter, 
D/A con- 
verter, and smoothing 
filter must provide a minimum net 
SINAD of 62dB. 


In the 10-bit sampling 
system 
of Figure 
3, the 
12-bit 
sampling 
AID converter 
(MAX167) 
provides 
two bits of 
"overhead." 
The D/A converter 
(MAXS01B) 
contributes 
12-bit resolution and 11-bit linearity, and the duallowpass 
filter 
(MAX270) 
performs 
anti-aliasing 
and 
smoothing 
functions. 


The system collects 
data at a 10kHz sampling 
rate for 
input frequencies 
to 1kHz. The anti-aliasing 
filter, with a 
4th-order 
rolloff beginning 
at 2kHz (Figure 4), provides 
attenuation 
of input frequencies 
above the Nyquist fre- 
quency before they enter the AID converter. The attenua- 
tion 
must 
insure 
that 
these 
alias frequencies 
(which 
contribute 
to distortion) 
do not degrade 
the system's 
overall 
SINAD. 
In this case, 
the anti-aliasing 
filter at- 
tenuates signals above the SkHz Nyquist frequency 
by at 
least 3SdB. When combined with natural rolloff in the input 
transducer 
and signal-conditioning 
circuitry 
(-30dB at 
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Figure 2. Without an anti-aliasing fllterhthe sampled 1kHz signal (a) is indistinguishable from the sampled 11kHz sig- 
nal (b). Without a smoothing filter for t e CIA converter output, the sampling creates spectral copies of the input 
spectrum that are mirrored around multiples of the sampling frequency. The signals shown are digitized at a sam- 
pling rate of 10kHz, then applied to a CIA converter with no output filtering. 
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Figure 4. System Anti-Aliasing 


5kHz), 
the resulting 
attenuation 
(-65dB) 
suppresses 
all alias components 
below the 1O-bit accuracy 
level 
(-62dB). 


Because 
digital 
filtering 
in the DSP hardware 
steeply 
attenuates frequencies 
above 1kHz, the D/A converter's 


smoothing 
filter is generally 
less critical 
than the anti- 
aliasing 
filter. The smoothing 
filter simply 
removes 
un- 
wanted signals that are "mirrored" around the sampling 
frequency. 
The first of these (9kHz) must be attenuated 
below 62dB to maintain 
performance 
without 
affecting 
the frequencies 
below 1kHz; attenuation is greater for the 
higher-mirrored 
frequencies. 
This operation corresponds 
to the removal of "clocking steps" in the output waveform. 


A fourth-order 
rolloff from 2kHz, identical 
to that of the 


anti-aliasing 
filter, provides 
an attenuation 
of -55dB at 
9kHz, 7dB short of the 62dB required. 
But a glance at 
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Figure 5. SNR of the noise floor dominates the 
MAX270's SINAD for low-amplitude 
si9nals. 
Higher 


signal levels introduce 
greater distortion, 
whiclllimits 


the filter's 
SINAD. 
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Figure 6. A pure 1kHz, ±1.25V test signal is applied to 
the system In Figure 3. These THO prots show distor- 
tion in the anti-aliasing 
filter (a), in the FFT J?Brformedon 


digital data from the AID converter (b), and In the com- 
plete system. with the output looped back to the input of 
the anti-aliaSing filter (c). All test points show true 1D-blt 
performance, 
I.e. greater than 62dB SINAD. 
_____________________________________ 
6-7 


Figure 2 shows that signal frequencies 
mirrored around 
10kHz are already 18dB lower than the fundamental 
test 


frequency. 
Their amplitudes are reduced by 'sinc weight- 


ing' in accordance 
with the sinx/x function associated with 
step waveforms in the D/A converter's output signal. Be- 
cause the extra attenuation adds to that of the smoothing 
Mer, you can specify less rolloff in that filter. 


For maximum 
dynamic 
range, 
the 
anti-aliasing 
and 
smoothing filters' output voltage swings should approach 
those of the data converters' 
input and output voltage 


ranges (±2.5V in this case). Reducing this system's volt- 
age swing by a factor of two (to ±1.25V) yields an SNR 
loss of 6dB (corresponding 
to the unused MSB). With the 


6dB loss, however, comes a gain of 12.5dB in terms of lower 
Total Harmonic Distortion (THO) in the Mer (Figure 5). 


Filter distortion 
increases 
sharply 
with output 
voltage 
swing. 
This effect 
is typical 
of all amplifiers, 
and the 
unity-gain voltage followers included 
in Sallen-Key filters 
(such as the MAX270) are somewhat prone to common- 
mode distortion at higher voltage swings. By lowering the 
swing 
from ±2.5V to ±1.25V, you reduce 
distortion 
by 
12.5dB and increase the system's overall SINAD (limited 
by THO in the filter) by 6.5dB. 


Spectral 
measurements 
taken at various 
points in the 
signal path of Figure 3 provide a true test of the circuit's 
dynamic 
performance 
(Figure 6). 


Designed 
for critical dynamic 
applications, 
the MAX270 
guarantees 
better than -70dB THO. Switched-capacitor 


filters have higher distortion, and to maintain SINAD they 
must filter clock noise with an external RC network. The 
MAX270, therefore, is the right filter in this case. 


Dynamic Measurement 
Terms: 


Total Harmonic 
Distortion 
(THO): the ratio of the rms sum 
of all input-signal 
harmonics 
(frequencies 
between 
DC and 
half the sample rate) to the rms amplitude 
of the fundamental 


frequency 
(the input test signal). 


THD=2010g 
~ 
Va 


where Va is the rms amplitude 
of the fundamental 
and V, 
..Vn 
are amplitudes 
of the first through 
nth harmonics. 


Signal-to-Noise-and-Distortion 
(SINAD) ratio: the ratio be- 
tween the rms amplitude 
of the fundamental 
input frequency 
(test signal) and the rms amplitude 
of all other signals (noise). 
SINAD is usually dominated 
by THD stemming 
from aberra- 
tions such as amplifier 
nonlinearity 
in the filters, or Integral 


Nonlinearity 
(INL) and Differential Nonlinearity 
(DNL) errors in 
the ND and D/A converters. 
But in systems with a high noise 
floor or exceptional 
linearity, noise itself can have a significant 
effect on SINAD. 


Dynamic Range: the ratio of the largest allowable input signal 
to the smallest 
signal 
discernable 
above the system 
noise 
floor. Hence, dynamic 
range is usually a measure of noise. 


The MAX274/MAX275, 
programmed 
with external resis- 


tors, offer lower distortion 
than the MAX27D-typically 
better than -86dB THO-for 
higher resolution 
DSP ap- 
plications. 


_______ 
Low-Frequencyand 


DC Measurements 


Examples 
of low-frequency 
and DC measurement 
applica- 


tions: 
weigh scales, strain-gauge 
signals, 
bridge voltages. 


Lowpass filters in DC measurements 
remove line noise 
(60Hz 
and 
harmonics), 
transducer 
noise, 
noise 
from 
switching 
power supplies, 
and noise from chopper 
op 
amps and other switching 
circuits. 


The commercial 
weigh 
scale 
of Figure 
7 features 
a 
±20,OOO-count 
integrating 
AID 
converter 
(MAX7129) 
capable 
of resolving 
10IlV on a 200mV scale. The con- 
verter drives a 41f2-digit LCD and updates the reading at 
approximately 
3Hz. 


The MAX7129's built-in LCD drive eliminates the need for 
extemal LCD drivers, logic, and a microprocessor, 
but the 
device 
cannot 
pre-process 
digital data before it is dis- 
played. Offset voltages cannot be subtracted 
in the digital 
domain, 
so you must minimize 
analog 
offset voltages 
before conversion. 
Full-scale gain and offsets from the 
weighing load cell are trimmed at the factory, so the scale 
is expected 
to operate without further calibration over all 
ambient temperature conditions. 


Another concem 
is the two independent 
sources of noise 
in this system: the 60Hz line noise, and the 400Hz chop- 
per noise 
emanating 
from op 
amps 
that 
amplify 
the 
transducer 
signals. 
Chopper 
noise is typically 
200IlV, 


with an assumed 
10mV maximum 
of line noise at the 
output of the bridge amplifier. 
If fed directly 
into the AID 
converter, this noise level would render the lower display 
digits useless. 


FILTER DC OFFSET 


(IBIAS + ICAP + lOUT) x R 
(5OpA+ 200pA + 11lpA) 
x 14.M 
= 
3.81!V « 
l/2LSB) 


Some of the noise is attenuated by the converter's in- 
tegrating 
action 
(Figure 
8). Unlike successive-ap- 


proximation converters, the MAX7129 converts analog 
signals by integrating them for a fixed time period (1000 
or 10,000 clock cycles, depending on the range setting). 
The voltage ramp resulting from integration is then dein- 
tegrated and compared to the reference voltage before 
the result is displayed on the LCD readout. 


The noise rejection inherent in any integrating NO con- 
verter follows a sinx/x (sine) function. Nulls in the plot 
represent virtually 100% rejection functions and cor- 
respond to those frequencies that fit an integral number 
of cycles into the MAX7129's integrating period. Such 
frequencies are 'integrated out.' 


A common practice is to clock the MAX7129 so its 
conversion period includes a whole number of 60Hz line 
cycles, thereby nulling the line noise. But if multiple noise 
frequencies are present (as in the weigh-scale system), 
choosing a clock frequency to null all of them becomes 
much trickier. The problem would be compounded if the 
manufacturer wished to market the scale in Europe, 
where the line frequency is 50Hz. Integration alone can- 
not remove 50Hz, 60Hz, and 400Hz noise from this 
system simultaneously. 
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Figure 8. MAX129 Noise Rejection 


offset (Figure 7). The filter's high order and low (12.6Hz) 
cornerfrequency 
(fe) guarantee at least 60dB of rejection 


for all relevant noise frequencies: 
-60dB at 50Hz, -68dB 


at 60Hz, and 80dB at 400Hz. The rejection combines with 
the sinc-filtering 
effect to provide more than 70dB atten- 
uation at these freqencies. 


Filtering thus reduces the 10mV line noise to about 3l!V, 
or less than V2lSB. The filter's unique architecture 
virtual- 


ly eliminates 
DC offset. R1 and C1 isolate the chip from 


the DC signal path, so only the AC portion of the signal 
is affected. R1 and C1 also form one of the filter poles and 
provide anti-aliasing 
for the filter. 


Because 
the MAX281 is a switched-capacitor 
filter, its 
output exhibits about 1OmVof noise at the clock frequen- 
cy. 
This 
relatively 
high 
frequency 
(1.26kHz), 
un- 
synchronized 
with 
the 
AID 
converter, 
is reduced 
approximately 
-36dB by the converter's 
integrating 
ac- 
tion (Figure 
8). Further 
measures, 
however, 
must 
be 
added to reduce this noise below Y2lSB. 


Placing an RC network at the filter output is a common 
way to reduce 
clock 
noise. The pole of this network 


should 
be at least a decade 
above 
the filter's 
cutoff 
frequency to avoid affecting the filter's response. With an 
internal clock-to-corner-frequency 
ratio of 101: 1, a one- 


pole RC filter at 130Hz (10 times the cutoff frequency) 
guarantees 
20dB of clock rejection at the clock frequen- 


cy. 


To remove any remaining clock noise from the measure- 
ment, synchronize 
the MAX7129 and MAX281 clock os- 


cillators as shown in Figure 7. This scheme integrates out 
the 
clock 
noise 
by setting 
a null at 
1.27kHz 
in the 
integrator's 
frequency 
response. 
The converter 
now in- 


tegrates 
over 
exactly 
twenty 
cycles 
of the 
1.27kHz 
waveform (or 200 cycles on the 200mV range). 


The MAX281 is a maximally flat delay (Bessel) filter that 
settles 
faster 
than 
other 
types. 
Butterworth 
and 


Chebyshev 
filters, 
for example, 
tend 
to overshoot 
in 


response 
to an input step. When you place an item on 


the scale in Figure 7, the MAX281 filter settles to within 
±O.0025% of final value 
(corresponding 
to V2lSB) 
in 


150ms. Because the MAX7129 conversion time exceeds 


250ms, this settling time assures a correct 
reading 
fol- 


lowing the second conversion. 
____ 
Analog Signal.Processing 


Applications 


LOWPASS 
FILTER SPECIFICA 
nONS 
FOR 
ANALOG 
SIGNAL 
PROCESSING 


EXAMPLE: 
HIGH-PURITY 
SINEWAVE 
GENERATOR 


Example: 
High-purity 
sine wave 
generator. 
Lowpass 
fil- 


ter removes 
harmonics 
from generated 
sine waves. 


A TIl 
counter, 8-channel multiplexer, 
and 4th-order low- 


pass filter generate 
1kHz to 25kHz sinewaves with THO 
better than -80dB (Figure 9). 


The sinewave frequency 
is a direct function of the exter- 
nal clocking 
frequency: 
fSINE = feLK/8. Set the lowpass 
filter to the desired 
sine wave frequency, 
and apply a 
clock 
frequency 
eight 
times 
higher 
to the ClK 
input 
(Figure 9). Two resistive dividers 
provide 
input voltages 
to the multiplexer 
(mux). 
When 
the 
mux is switched 
through channels 0-7, the output yields an 8 times over- 
sampled 
staircase 
approximation 
of a sine wave. Com- 
pared 
with a square 
wave, 
the 8 times 
oversampled 
waveform 
greatly 
simplifies 
smoothing-filter 
require- 


ments by pushing 
the first significant 
harmonic 
out to 
seven times the fundamental. 
All higher-order 
harmonics 
are filtered 
to below 
-80dB 
by the MAX270, 
and the 
MAX270's uncommitted 
op amp sets the output level. 
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The circuit's 
gain accuracy 
is a function of the gain spec 


at the corner frequency, 
which 
is guaranteed 
between 
-2.4dB and -3.6dB at 1kHz. For tighter gain control, add 
the 
100kQ 
trimming 
potentiometer. 
The 
MAX2l0 


specifies 
-lOdB 
THO, but in this application 
the filter 


attenuates 
harmonics 
contributed 
by itself and the mux 


to below -BOdB. For a worst-case 
calculation, 
consider 


the first harmonic (at 2kHz): 


1) 1st harmonic distortion contribution 
from 
multiplexer: 
-64dB 


2) 1st harmonic distortion contribution 
from 
2 cascaded 
MAX2l0 
sections: 


-lOdB x 2 = -64dB 


3) Sum of 1st harmonic distortion contributions: 


-64dB + -64dB = -5BdB 


4) Subtract 4th-order filter rolloff at 2kHz: 


6dB x 4 = 24dB (Approx.) 


5) Resulting 1st harmonic after filtering: 
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Figure 10. In the multiplexer 
output spectrum for a 1kHz signal (a), the approximation 
process generates large 
harmonics, 
while resistor divider errors cause small harmonics. 
the 
MAX270 attenuates all harmonics 
below the 
spectrum analyzer noise floor (b). 


MAXIM LOWPASS 
FILTER COMPARISON 


Filter 
MAX270/271 
MAX280 
MAX281 
MAX274 
MAX275 


Response Shape 
O,ldB 
Butterworth 
Bessel 
Resistor 
Resistor 
Chebyshev 
Programmed 
Programmed 


Corner-Frequency 
Range 
1kHz to 25kHz 
0,1 Hz to 25kHz 
0,1 Hz to 25kHz 


Order per IC 
4 
5 
5 
8 
4 


Dynamic Specifications 
-lOdB THD@ 
Not specified 
Not specified 
-86dB THD@ 
-86dB THD 
390Hz 
1kHz typ 
@ 1kHz typ 


Noise 
38~Vrms 
Dom, by clock 
Dom, by clock 


Better, function of 
Better, function of 


Cutoff-Frequency 
Accuracy 
±10% @ 25kHz 
clock frequency, 
clock frequency, 
±Q,9% 
±0,9% 


ext., R,C 
ext.,R,C 


Output Offset Voltage 
±2mV 
OV 
OV 
±125mV 
±125mV 


Maxim cannot 
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responsibility 
for use of any circuitry 
other than circuitry 
entirely 
embodied 
in a Maxim product. 
No circuit patent 
licenses 
are implied. 
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the right to change 
the circuitry 
and specifications 
without notice at any time. 
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Microprocessor Programmable 
Universal Active Filters 
_______ 
General Description 


The MAX260/261/262 CMOS dual second-order universal 
switched-capacitor 
active filters allow microprocessor 
control 
of precise 
filter 
functions. 
No external 
com- 
ponents 
are required 
for a variety 
of bandpass, 
low- 
pass, highpass, notch and all pass configurations. 
Each 
device contains two second-order 
filter sections which 
place center frequency, 
Q, and filter operating 
mode 
under 
programmed 
control. 


An input 
clock, 
along 
with a 6-bit fo program 
input, 
determine 
the 
filter's 
center 
or 
corner 
frequency 
without 
affecting 
other filter 
parameters. 
The filter 
Q 
is also 
programmed 
independently. 
Separate 
clock 
inputs 
for 
each 
filter 
section 
operate 
with 
either 
a 
crystal, 
RC network, 
or external 
clock 
generator. 


The MAX260 has superior offset and DC specifications 
than the MAX261 and MAX262 and a center frequency 
(fol 
range 
of 
7.5kHz. The 
MAX261 
handles 
center 
frequencies 
to 57kHz while 
the MAX262 extends 
the 
center frequency 
range to 140kHz by employing 
lower 
clock-to-fo 
ratios. 
All devices 
are available 
in 24-pin 
DIP and small 
outline 
packages 
in commercial, 
ex- 
tended, 
and military 
temperature 
ranges. 
__________ 
Applications 


pP Tuned Filters 


Anti-Aliasing 
Filters 


Digital 
Signal 
Processing 


Adaptive 
Filters 


Signal Analysis 


Phase-Locked 
Loops 


/ili/J XI/III 


_ 
.•••XINl 
is a registered 
trademark 
of Maxim 
Integrated 
Products. 


• 
Filter Design Software 
Available 


• 
Microprocessor 
Interface 


• 
64-Step Center 
Frequency 
Control 


• 
128-Step Q Control 


• 
Independent 
Q and fo Programming 


• 
Guaranteed 
Clock 
to fo Ratio-1% 
(A grade) 


• 
75kHz fo Range (MAX262) 


• 
Single +5V and ±5V Operation 
______ 
Ordering Information 


PART 
TEMP. RANGE 
PACKAGE· 
ACCURACY 


MAX260ACNG 
O°C to +lO°C 
Plastic DIP 
1% 


MAX260BCNG 
O°C to +lO°C 
Plastic DIP 
2% 


MAX260AENG 
-40°C 
to +85°C 
Plastic DIP 
1% 


MAX260BENG 
-40° C to +85° C 
Plastic DIP 
2% 


MAX260ACWG 
O°C to +lO°C 
Wide SO 
1% 


MAX260BCWG 
O°C to +lO°C 
Wide SO 
2% 


MAX260AMRG 
-55°C to +125°C 
CERDIP 
1% 


MAX260BMRG 
-55°C to +125°C 
CERDIP 
2% 


MAX261ACNG 
O°C to +lO°C 
Plastic DIP 
1% 


Microprocessor Programmable 
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ABSOLUTE MAXIMUM RATINGS 


Total Supply 
Voltage 
(V· to V-) 
15V 


Input 
Voltage, 
any pin 
V--0.3V 
to V·+0.3V 


Input 
Current, 
any pin 
±50mA 


Power 
Dissipation 
Plastic 
DIP (derate 
8.33mWfOC 
above 70°C) 
660mW 


CERDIP 
(derate 
12.5mW/oC 
above 
70°C) 
1000mW 


Wide 
SO (derate 
11.8mW/oC 
above 
70°C) 
944mW 


Operating 
Temperature 
MAX260/2611262XCXG 
.......•.......... 
O°C to +70°C 


MAX260/2611262XEXG 
-40° C to +85° C 


MAX260/2611262XMXG 
-55° C to +125°C 


Storage 
Temperature 
-65°C 
to +160°C 


Lead Temperature 
(Soldering, 
10 seconds) 
+300°C 


Stresses 
above 
those listed under 
"Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to the device. 
These are stress ratings 
only, and 
functional 
operation 
of the device at these or any other conditions 
above 
those indicated 
in the operational 
sections 
of the specification 
is not 
implied. 
Exposure 
to absolute 
Maximum 
ratings conditions 
for extended 
periods 
may affect the device 
reliability. 


ELECTRICAL CHARACTERISTICS 
(V· = +5V, V- = -5V, CLKA = CLKs = ± 5V 350kHz for the MAX260 and 1.5MHz for the MAX261/62, fClK/fo = 199.49 for MAX260/61 
and 
139.80 for MAX262, 
Filler 
Mode 
1, TA 
= +25°C 
unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


fo Center 
Frequency 
Range 
See Table 1 


Maximum 
Clock 
Frequency 
See Table 1 


fClK/fo 
Ratio Error 
(Note 
1) 
TA = T MIN to TMAX 
MAX260A 
±0.2 
±1.0 


MAX260B 
±0.2 
±2.0 
% 
MAX261162A 
±0.2 
±1.0 


MAX261162B 
±0.2 
±2.0 


fo Temperature 
Coefficient 
-5 
ppm/oC 


a Accuracy 
(deviation 
from 
TA = TMIN to T MAX 
ideal continuous 
filter) 
a = 0.5 to 16 
MAX260A 
±1 
±5 
(Note 
2) 
a = 0.5 to 16 
MAX260B 
±1 
±10 
a = 32 
MAX260A 
±2 
±10 
a = 32 
MAX260B' 
±2 
±15 
a = 64 
MAX260A 
±4 
±15 
a = 64 
MAX260B 
±4 
±22 
% 
a = 0.5 to 16 
MAX261/62A 
±1 
±5 
a = 0.5 to 16 
MAX261162B 
±1 
±10 
a = 32 
MAX261162A 
±2 
±10 
a = 32 
MAX261/62B 
±2 
±15 
a = 64 
MAX261162A 
±4 
±15 
a = 64 
MAX261/62B 
±4 
±22 
a Temperature 
Coefficient 
±20 
ppm/oC 


DC Lowpass 
Gain Accuracy 
MAX260A 
±0.1 
±0.2 


MAX260B 
±0.1 
±0.3 
dB 
MAX261/62A 
±0.1 
±0.25 


MAX261/62B 
±0.1 
±0.5 


Gain Temperature 
Coefficient 
Lowpass 
(at D.C.) 
MAX260 
-5 
MAX261/62 
-5 
ppm/oC 


Bandpass 
(at fo) 
MAX260/61/62 
+20 


Offset 
Voltage 
At Filter 
TA = TM1N to TMAx, a = 4 


Outputs-Lp, 
Bp, HP 
Mode 
1 
MAX260A 
±0.05 
±0.25 
(Note 3) 
MAX260B 
±0.15 
±0.45 


MAX261A 
±0.40 
±0.90 


MAX261B 
±0.80 
±1.60 


MAX262A 
±0.40 
±0.90 


MAX262B 
±0.80 
±1.60 


Mode 3 
MAX260A 
V 


±0.075 
±0.30 


MAX260B 
±0.075 
±0.50 


MAX261A 
±0.50 
±1.00 


MAX261B 
±0.90 
±1.60 


MAX262A 
±0.50 
±1.00 


MAX262B 
±0.90 
±1.60 


Offset 
Voltage 
Temperature 
!PlK/f~ = 100.53, a = 4 
±0.75 
mVioC 
Coefficient 
A = 
MIN to TMAX 
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ELECTRICAL CHARACTERISTICS 
(Continued) 
=- 
(V' = +5V,v· = -5V, CLKA = CLKs = ± 5V 350kHz for the MAX260 and 1.5MHz for the MAX261162, fCLK/fo= 199.49 for MAX260/61 
and 
~ 
139.80 for MAX262, 
Filter Mode 
1, TA = +25°C 
unless otherwise 
noted.) 
,. 


~Q)a 


~Q) 
•••• 


~ 


~ 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Clock 
Feedthrough 
±4 
mV 


Crosstalk 
-70 
dB 


Wide band Noise 
(Note 4) 
o = 1, 2nd-Order, 
LP/BP 
See Typ. Oper. Char. 
4th-Order 
LP (Fig. 26) 
90 
pVRMS 


4th-Order 
BP (Fig. 24) 
100 


Harmonic 
Distortion 
at fa 
o = 4, V,N = 1.5Vpp 
-57 
dB 


Supply 
Voltage 
Range 
TA = TMINto TMAX 
±2.37 
±5 
±6.3 
V 


Power 
Supply 
Current 
TA = TMINto TMAX 
I MAX260 
15 
20 
(Note 5) 
CMOS 
Level Logic 
Inputs 
MAX261 
16 
20 
mA 


MAX262 
16 
20 


Shutdown 
Supply 
Current 
00A-06A 
= all 0, 
1.5 
mA 
CMOS 
Level Logic 
Inputs 
(Note 5) 


INTERNAL 
AMPLIFIERS 


Output 
Signal 
Swing 
(Note 6) 
TA = TMINto TMAX' 10kO load 
±4.75 
V 


Output 
Short 
Circuit 
Current 
Source 
50 
mA 
Sink 
2 


Power Supply 
Rejection 
Ratio 
OHz to 10kHz 
-70 
dB 


Gain 
Bandwidth 
Product 
2.5 
MHz 


Slew Rate 
6 
Vips 


ELECTRICAL CHARACTERISTICS 
(for V± = ±2.5V ±5%) 
v· = +2.37V, v· = -2.37V, CLKA = CLKs 
= ±2.5V 
250kHz 
for the 
MAX260 
and 
1MHz for the 
MAX261/62, 
fCLK/fo = 199.49 for 


MAX260/61 
and 139.80 for MAX262, 
Filter Mode 
1, TA = +25°C 
unless otherwise 
noted. 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


fa Center 
Frequency 
Range 
(Note 7) 


Maximum 
Clock 
Frequency 
(Note 7) 


f~K/fo 
Ratio Error 
0=8 
MAX26XA 
±0.1 
1 
% 
( 
otes 1, 8) 
MAX26XB 
±0.1 
2 
o Accuracy 
(deviation 
from 
0=8 


ideal continuous 
filter) 
fCLK/fo = 199.49 
MAX260A 
±2 
±5 


(Notes 
2, 8) 
MAX260B 
±2 
±10 
fCLK/fo = 199.49 
MAX261A 
±2 
±5 
% 


MAX261B 
±2 
±10 
fCLK/fo = 139.80 
MAX262A 
±2 
±5 
MAX262B 
±2 
±10 


Output 
Signal 
Swing 
All Outputs 
(Note 6) 
±2 
V 


Power 
Supply 
Current 
CMOS 
Level Logic 
Inputs 
(Note 5) 
7 
mA 


Shutdown 
Current 
CMOS 
Level Logic 
Inputs 
(Note 5) 
0.35 
mA 


f~LK/fo accuracy 
is tested at 100.53, 103.67, 106.81, 113.1, 125.66, 150.8, and 199.49 on the MAX260/61, and at 40.84, 43.98, 


47.12, 53.41, 65.97, 91.11, and 139.8 on the MAX262. 
o accuracy 
tested at 0 
= 0.5, 1, 2, 4, 8, 16, 32, and 64. 0 of 32 and 64 tested at 112 stated clock 
frequency. 


The Offset Voltage 
is specified 
for the entire filter. Offset 
is virtually 
independent 
of 0 and fCLK/fo ratio selling. 
The test 


clock 
frequency 
for Mode 3 is 175kHz for the MAX260 and 750kHz 
for the MAX2611262. 


Output 
noise is measured 
with an RC output 
smoothing 
filter 
at 4 • fa to remove 
clock 
feedthrough. 


TTL logic 
levels are: HIGH = 2.4V, LOW = 0.8V. CMOS 
logic 
levels are: HIGH = 5V, LOW = Ov. Power supply 
current 
is 


typically 
4mA higher 
with TIL 
logic and clock 
input 
levels. 


On the MAX260 only, the HP output 
signal 
swing 
is typically 
0.75V less than the LP or BP outputs. 


At ±2.5V 
supplies, 
the fa range and maximum 
clock 
frequency 
are typically 
75% of values 
listed 
in Table 1. 


fC~K/fo and 0 accuracy 
are a function 
of the accuracy 
of internal 
capacitor 
ratios. No increase 
in error 
is expected 
at 
±2.5V as compared 
to ±5V however 
these parameters 
are only tested to the extent 
indicated 
by the MIN or MAX limits. 


Note 6: 
Note 7: 
Note 8: 
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INTERFACE SPECIFICATIONS (Note 9) 
(V· ; +5V, v· ; -5V, TA ; +250 C unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


WR Pulse Width 
tWR 
250 
150 
ns 


Address 
Setup 
tAS 
25 
ns 


Address 
Hold 
tAH 
0 
ns 


Data Setup 
tos 
100 
50 
ns 


Data Hold 
tOH 
10 
0 
ns 


logic 
Input 
High 
V,H 
WR, 00-01, 
AD-A3, ClKA, 
ClKs 
2.4 
V 
TA ; TMINto TMAX 


logic 
Input 
low 
V,L 
WR, 00-01, 
AD-A3, ClKA, 
ClKs 
0.8 
V 
TA ; TMINto TMAX 


WR. 00-01, 
Ao-A3, CLKs 
10 
Input 
Leakage 
Current 
I'N 
CLKA 
6 
60 
JiA 
TA ; TMINto TMAX 


Input 
Capacitance 
C'N 
WR, 00-01, 
AD-A3, CLKA• CLKs 
15 
pF 


MAX260 
MAX261/2 
PIN # 
PIN # 
NAME 
FUNCTION 


9 
9 
V· 
Positive supply 
voltage 


17 
16 
V- 
Negative supply 
voltage 


18 
17 
GNO 
Analog 
Ground. 
Connect 
to the system 
ground 
for 
dual 
supply 
operation 
or 
mid-supply 
for single sup- 


ply operation. 
GNO should 
be well bypassed in single 
supply 
applications. 


11 
11 
CLKA 
Input to the oscillator 
and 
clock 
input 
to section 
A. 


This clock 
is internally 
di- 
vided by 2. 


12 
12 
CLKs 
Clock input to filter B. This 
clock 
is internally 
divided 
by 2. 


8 
8 
CLK OUT 
Clock 
Output 
for 
crystal 
and 
R-C 
oscillator 
oper- 


. ation 


19 
18 
OSC OUT 
Connects 
to crystal or R-C 
for self clocked 
operation 


MAX260 
MAX261/2 
PIN # 
PIN # 
NAME 
FUNCTION 


5,23 
5,23 
INA,INs 
Filter inputs 


1,21 
1,21 
BPA.BPs 
Bandpass 
outputs 


24,22 
24,22 
LPA,LPs 
Lowpass 
outputs 


3,14 
3,20 
HPA,HPs 
H ig hpass/N 
otch/AI 
Ipass 
outputs 


16 
15 
WR 
Write Enable input 


15,13, 
14,13, 
AO,A1 
Address 
inputs 
for fo and 
10,7 
10,7 
A2,A3 
Q input data locations 


20,6 
19,6 
00,01 
Data 
inputs 
for fo and 
Q 
programming 


2 
OP OUT 
Output of uncommitted 
op- 


amp 
on MAX261/62 
only. 


Pin 2 is a no-connect 
on 
the MAX260 


4 
OP IN 
Inverting 
input 
of uncom- 
mitted op-amp on MAX26l1 
62 only 
(Non-inverting 
in- 
put is internally 
connected 
to ground). 
Pin 4 is a no- 


connect 
on the MAX260. 
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__________________ 
Typical Operating 
Characteristics 


Q ERROR 
vs CLOCK 
FREQUENCY 
MAX260 


Q ERROR 
vs CLOCK 
FREQUENCY 
MAX261/2 


20 


16 
~ 
12 
a:0a:a: 
w 
0 
4 


-4 


±sv 
I 
I 
I 
Q = 8 
MODE 3 
TA = 2S"C 
m_N=o 
10 


MODE 2 


=.... 


MODE 1,4 


100 vs POWER 
SUPPLY 
VOLTAGE 


c 
.§. 
15 


Q 
E 


FCLK/FO 
ERROR 
vs CLOCK 
FREQUENCY 
MAX26112 


0.2 


0.0 


l 
-0.2 
a: 
li1 
-0.4 
a: 
wo -0.6 
!!:: 
~ 
-0.8 


of 


I 
A 
MODE 2, 3 


I 
JOD~ 1,14 
±~V 
Q = 8 
TA = 2S"C 
m_ 
N = 0 
10 
" 
" 


-1.2 


1.0 


Q = 1 
Q=8 
Q = 64 
Mode 
LP 
BP 
HP/AP/N 
LP 
BP 
HP/AP/N 
LP 
BP 
HP/AP/N 
~ 
1 
-84 
-90 
-84 
-80 
-82 
-85 
-72 
-73 
-85 
l;; 
2 
-88 
-90 
-88 
-84 
-82 
-84 
-77 
-73 
-76 
... 
)( 
3 
-84 
-90 
-88 
-80 
-82 
-82 
-73 
-73 
-74 
C 
:IE 
4 
-83 
-89 
-84 
-79 
-81 
-85 
-71 
-73 
-85 


lil 
1 
-87 
-89 
-86 
-81 
-81 
-86 
-73 
-73 
-86 
... 
2 
-89 
-88 
-85 
-83 
-80 
-82 
-75 
-72 
-74 
)( 
3 
-87 
-88 
-85 
-80 
-82 
-80 
-71 
-72 
-72 
C 
:IE 
4 
-87 
-88 
-86 
-81 
-80 
-86 
-71 
-72 
-86 


Notes: 
1. fClK = 1 MHz for MAX261/2, 
fClK = 350kHz 
for MAX260 
2. fclKllo 
ratio 
programmed 
at N = 63 (see Table 
2) 
3. Clock feedthrough 
is removed with an RC lowpass at 4fo, i.e. R = 3.9kO, C = 2000pF for 


MAX261. 


20 
CLOCK (2.4V, 0.8V) 


19 


18 
CLOCK (SV,OV) 


C 
±SV 
I 
I 


17 CONTROLPINS (SV,OV) 
.§. 
25"C 


Q 
16 
E 


15 


14 


3.5 


CLOCK FREQUENCY(MHz) 


OUTPUT 
SIGNAL 
SWING 


vs CLOCK 
FREQUENCY 


Noise Spectral Distribution 
(MAX261, fClK = 1 MHz, dB ref. 
to 2.47VRMS' 
7Vp_p) 


Measurement 
Q=l 
Q=8 
Q=64 
Bandwidth 


Wideband 
-84 
-80 
-72 


3 KHz 
-87 
-87 
-86 


C Message 
-93 
-93 
-93 
Weighted 


III 
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SAMPLE-HOLD 
"'{MAX260 
ONLY 


SoH ~ 
N/HP/AP 
I 
'. 


U 
FO-FS 
(TABLE 
2) 


width. The N/HP/AP outputs 
of the MAX260 are inter- 
nally 
sample-and-held, 
as a result 
of 
its auto-zero 
operation. 
Signal 
swing 
at this 
output 
is somewhat 
reduced 
as a result 
(MAX260 
only). 
See Table 1 for 
bandwidth 
comparisons 
of the three filters. 


Maxim 
also provides 
design 
programs 
which 
aid in 
converting 
filter 
response 
specifications 
into 
the fo 
and 
Q program 
codes 
used 
by the 
MAX260 
series 
devices. This software 
also precompensates 
fo and Q 
when low sample rates are used. 


It is important 
to note that in all MAX260 series filters, 
the filter's 
internal 
sample 
rate is one half the input 


clock 
rate (ClKA 
or ClKs) 
due to an internal 
division 
by two. All clock 
related data, tables, and other 
dis- 
cussions 
in this data sheet refer to the frequency 
at 


the ClKA 
or ClKB 
input, Le. twice the internal sample 
rate, unless specifically 
stated otherwise. 


Each 
MAX260/61162 
contains 
two 
second-order 


switched-capacitor 
active filters. 
Figure 
1 shows 
the 


filter's 
state 
variable 
topology, 
employed 
with 
two 


cascaded integrators 
and one summing 
amplifier. 
The 


MAX261 and MAX262 also contain 
an uncommitted 


amplifier. 
On-chip 
switches 
and 
capacitors 
provide 


feedback 
to 
control 
each 
filter 
section's 
fo and 
Q. 


Internal 
capacitor 
ratios are primarily 
responsible 
for 


the 
accuracy 
of these 
parameters. 
Although 
these 


switched-capacitor 
networks (SCN) are in fact sampled 


systems, 
their 
behavior 
very closely 
matches 
that of 


continuous 
filters, such as RC active filters. The ratio 


of the clock 
frequency 
to the filter 
center 
frequency 


(fC~K/fo) 
is kept large so that ideal second-order 
state- 


vanable 
response 
is maintained. 


The MAX262 uses a lower range of sampling 
(fC~K/fo) 


ratios 
than the MAX260 
or MAX261 to allow 
hIgher 


operating 
fo frequencies 
and signal bandwidths. 
These 


reduced sample rates result in somewhat 
more devia- 


tion from ideal continuous 
filter parameters 
than with 


the 
MAX260/61. 
However, 
these 
differences 
can be 


compensated 
using 
Figure 
20 
(See 
"Applications 


Hints") 
or Maxim's filter design software. 


The MAX260 employs auto-zero 
circuitry 
not included 


in the 
MAX261 or 262. This 
provides 
improved 
DC 


characteristics, 
and improved 
low frequency 
perform- 


ance at the expense 
of high end fo and signal 
band- 


6-18 
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___ 
Quick Look Design Procedure 


The 
MAX260, 
MAX261 
and 
MAX262, 
with 
Maxim's 
filter 
design 
software, 
greatly 
simplifies 
the 
design 
procedures 
for many active filters. Most designs can be 
realized 
using a three step process described 
in this 
section. If the design software is not used, or if the filter 
complexity 
is beyond the scope of this section, refer to 
the 
remainder 
of this 
data sheet 
for 
more 
detailed 
applications 
and design information. 
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100 
AB$-"FILTER 
A " 
: GOSUB 
150 
: REM 
GET 
DATA 
FOR SECTION 
A 
110 
ADD 
- 0 
: GOSUB 
220 
: REM WRITE 
DATA TO TilE PRINTER 
PORT 
120 
AB$-"FILTER 
B " : GOSUB 
150 
: REM GET 
DATA 
FOR 
B 
130 
ADD 
- 32 
: GOSUB 
220 
: REM WRITE 
DATA TO 
PRINTER 
PORT 
140 
GOTO 
100 
150 
PRINT 
"MODE 
(1 to 4, see Table 
5) "; AB$; 
: INPUT 
M 
160 
IF M<l 
OR M>4 
THEN 
GOTO 
150 
170 
PRINT 
"CLOCK 
RATIO 
(0 to 63, N of Table 
2) "; ABS; 
: INPUT 
F 
180 
IF F<O OR F>63 THEN 
GOTO 
170 
190 
PRINT 
"0 
(0 to 127, N of Table 
3) "; AB$; 
: INPUT 
0 
200 
IF 0<0 
OR 0>127 
TIIEN GOTO 
190 ELSE 
: PRINT 
210 
RETURN 
220 
LPRINT 
CHR$(ADD+M-1); 
: ADD 
= ADD+4 
230 
FOR 
I = 1 TO 
3 
240 
X-(ADD 
+ 
(F - 4*INT(F/4)) 
: LPRINT 
CHRS(X); 
250 
F=INT(F/4) 
: ADD 
= ADD 
+ 4 
260 
NEXT 
I 
270 
FOR 
I - 1 TO 4 
280 
X-(ADD 
+ 
(0 - 4*INT(Q/4)) 
LPRINT 
CHR$(X); 
290 
Q-LNT(0/4) 
:: ADD 
= ADD 
+ 4 
300 
NEXT 
I 
310 
RETURN 


5 
WR 
16(15) 
1 
IN 
INA 
2 
24 
LPA 
DO 
20(19) 
3 
4 


HPA 
01 
5 
6 


AO 
15(14) 
7 
BPA A'lAXIA'I 


23 
MAX260 
13 
INB 
MAX261' 


Al 


22 
MAX262' 
10 
11 
J~~ 


LPB 
A2 
12 
OB-25 
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PLUG 
(BACK 
VIEW) 
131 


HPB 
A3 


11 
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CLKA 


12 
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CLKIN 
":" 
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• PIN NUMBERS 
IN ( 
) ARE FOR MAX261/262 


Step 1-Fllter 
Design 


Start with the program 
"PZ" to determine 
what type 
of filter 
is needed. 
This 
helps 
determine 
the 
type 
(Butterworth, 
Chebyshev, 
etc.) 
and 
the 
number 
of 
poles for the optimum 
choice. The program 
also plots 
the frequency 
response 
and calculates 
the pole/zero 
(fa) and Q values for each second-order 
section. Each 
MAX260/61/62 
contains 
two 
second-order 
sections 
and devices may be cascaded for higher order filters. 
.;VI.;JXI.;VI 


Step 2-Gener.te 
Programming Coefficients 


Starting 
with the fa and Q values obtained 
in Step 1, 
use the program 
"MPP" to generate the digital 
coeffi- 
cients which 
program 
each- second-order 
section's 
fo 
and Q. The program 
displays 
values for "N" ("N = _ 
for fa" and "N = _ 
for Q"). N is the decimal 
equivalent 
of the binary code that sets the filter section's 
fo or Q. 


These are the same "N"s 
that are listed 
in Tables 2 
and 3. 


Microprocessor 
Programmable 
Universal Active Filters 


An input clock frequency and filter "Mode" must also 
be selected in this step, however if a specific clock 
rate is not selected, "GEN" will pick one. With regard 
to mode selection, 
Mode 1 is the most convenient 


choice for most bandpass and lowpass filters. Excep- 
tions are elliptic 
bandpass and lowpass filters which 


require 
Mode 3. Highpass 
filters 
also use Mode 3, 


while allpass filters use Mode 4. For further information 
regarding 
these filter 
modes see "Filter 
Operating 
Modes" in this data sheet. 


Step 3-Loading 
the Filter 


When the N values for the fo and Q of each second- 
order filter section are determined, the filter can then 
be programmed 
and operated. What follows is a con- 


venient method of programming 
the filter and evalu- 


ating a design if a personal computer 
is available. 


A short Basic program 
loads data into the MAX2601 


261/262 via the personal computer's 
parallel 
printer 


port. The program asks for the filter Mode as well as 
the N values for the fo and Q of each section. These 
coefficients 
are then loaded into the filter in the form 


of ASCII characters. This program may be used with 
or without 
Maxim's other filter design software. The 


program and the appropriate hardware connections for 
a Centronics 
type printer port are shown in Figure 2. 


______ 
Filter Design Software 


Maxim provides software programs to help speed the 
transition 
from frequency 
response design 
require- 


ments to working 
hardware. A series of programs are 


available, including: 


Program PZ. Given the requirements, such as center 
frequency, Q, passband ripple, and stopband attenua- 
tion, PZ will calculate the pole frequencies, Q's, zeros, 
and the number of stages needed. 


Program MPP. For programmed filters, MPP computes 
the input codes to use and describes 
the expected 


performance 
of the design. 


Program FR. When a design of one or more stages is 
completed, 
FR checks the final cascaded assembly. 


The 
output 
frequency 
response 
can be compared 


with that expected from PZ. 


Program PR.BAS Allows a MAX260/61/62 
to be pro- 
grammed via a personal computer. The Mode, fo, and 
Q of each section are typed in, and the proper codes 
are sent to the filter via the computer's 
parallel printer 


port. This program 
is also provided in Figure 2. 


Other design programs are also included for use with 
other Maxim filter products. 


______ 
Other Filter Products 


Maxim has developed a number of other filter products 
in addition to the MAX260, MAX261 and MAX262: 


PIN 
PROGRAMMABLE 
ACTIVE 
FILTERS-A 
dual 
second-order 
universal filter that needs no external 


components. 
A Microprocessor 
interface 
is not re- 


quired. 


MAX263 
0.4Hz to 30kHz fo range 
MAX264 
1Hz to 75kHz fo range 


RESISTOR AND PIN PROGRAMMABLE 
FILTERS-A 
dual second-order 
universal filter where fo adjustment 


beyond pin-programmable 
resolution emplOySexternal 
resistors. 


MAX265 
O.4Hz to 30kHz 
fo 
range. 
Includes 
two 
uncommitted 
op-amps. 


MAX266 
1Hz to 75kHz fo range. Includes two un- 
committed 
op-amps. 


MF10 
Industry 
Standard. 
Resistor Programmed 
Only 


PIN PROGRAMMABLE BANDPASS FILTERS-A 
dual 
second-order 
bandpass that needs no external com- 


ponents. A Microprocessor 
interface is not required. 


MAX267 
O.4Hz to 30kHz fo range 


MAX268 
1Hz to 75kHz fo range 


PROGRAMMABLE ANTI-ALIAS 
FILTER-A 
program- 
mable dual second-order 
continuous 
(not switched) 
lowpass filter. No clock noise is generated. Designed 
for 
use as an anti-alias 
filter 
in front 
of, or as a 
smoothing filter following, any sampled filter or system. 


MAX270 
1kHz to 25kHz Cutoff Frequency Range 


5th ORDER LOW PASS FILTER-Features 
zero offset 
and drift errors for designs requiring high DC accuracy. 


MAX280, LT1062 
0.1Hz to 20kHz Cutoff Frequency 
Range 


______ 
Detailed Description 
'0 and Q Programming 
Figure 3 shows a block diagram of the MAX260. Each 
2nd-order 
filter section 
has its own clock 
input and 
independent 
fo and Q control. The actual center fre- 
quency is a function 
of the filter's clock rate, 6-bit fo 
control 
word (see Table 2), and operating 
Mode. The 
Q of each section is also set by a separate program- 
med input 
(see Table 3). This way each half of a 
MAX260/61162 is tuned independently so that complex 
filter 
polynomials 
can be realized. Equations which 
convert program code numbers to fcLK/fo and Q values 
are listed in the notes beneath Tables 2 and 3. 


Microprocessor 
Programmable 


Universal Active 
Filters 


PART 
Q 
MODE 
fCLK 
fo 


MAX260 
1 
1 
1Hz-400kHz 
0.01Hz-4.0kHz 
1 
2 
1Hz-425kHz 
0.01Hz-6.0kHz 
1 
3 
1Hz-500kHz 
0.01Hz-5.0kHz 


1 
4 
1Hz-400kHz 
0.01Hz-4.0kHz 


8 
1 
1Hz-500kHz 
0.01Hz-5.0kHz 
8 
2 
1Hz-700kHz 
0.01Hz-10.0kHz 
8 
3 
1Hz-700kHz 
0.01Hz-5.0kHz 


8 
4 
1Hz-600kHz 
0.01Hz-4.0kHz 


64 
1 
1Hz-750kHz 
001 Hz-7.5kHz 
90 
2 
1Hz-500kHz 
0.01Hz-7.0kHz 
64 
3 
1Hz-400kHz 
0.01Hz-4.0kHz 
64 
4 
1Hz-750kHz 
0.01Hz-7.5kHz 


MAX261 
1 
1 
40Hz-4.0MHz 
Oo4Hz-40kHz 
1 
2 
40Hz-4.0MHz 
0.5Hz-57kHz 
1 
3 
40Hz-4.0MHz 
0.4Hz-40kHz 
1 
4 
40Hz-4.0MHz 
Oo4Hz-40kHz 


8 
1 
40Hz-2.7MHz 
Oo4Hz-27kHz 
8 
2 
40Hz-2.1 MHz 
0.5Hz-30kHz 


PART 
Q 
MODE 
fCLK 
fo 


MAX261 
8 
3 
40Hz-1.7MHz 
0.4Hz-17kHz 
8 
4 
40Hz-2.7MHz 
Oo4Hz-27kHz 


64 
1 
40Hz-2.0MHz 
Oo4Hz-20kHz 


90 
2 
40Hz-1.2MHz 
0.4Hz-18kHz 


64 
3 
40Hz-1.2MHz 
0.4Hz-12kHz 


64 
4 
40Hz-2.0MHz 
Oo4Hz-20kHz 


MAX262 
1 
1 
40Hz-4.0MHz 
1.0Hz-1ookHz 


1 
2 
40Hz-4.0MHz 
104Hz-140kHz 


1 
3 
40Hz-4.0MHz 
1.0Hz-1ookHz 


1 
4 
40Hz-4.0MHz 
1.0Hz-1ookHz 


8 
1 
40Hz-2.5MHz 
1.0Hz-60kHz 


8 
2 
40Hz-104MHz 
104Hz-50kHz 


8 
3 
40Hz-1.4MHz 
1.0Hz-35kHz 


8 
4 
40Hz-2.5MHz 
1.0Hz-60kHz 


64 
1 
40Hz-1.5MHz 
1.0Hz-37kHz 


90 
2 
40Hz-0.9MHz 
104Hz-32kHz 


64 
3 
40Hz-0.9MHz 
1.0Hz-22kHz 
64 
4 
40Hz-1.5MHz 
1.0Hz-37kHz 


v- 


GND 


IfI 


OP 
IN 
OP OUT 


Microprocessor 
Programmable 
Universal Active Filters 


fCLK/fo RATIO 
PROGRAM 
CODE 


MAX260/61 
MAX262 


MODE 
1,3,4 
MODE 
2 
MODE 
1,3,4 
MODE 
2 
N 
FS 
F4 
F3 
F2 
F1 
FO 


100.53 
71.09 
40.84 
28.88 
0 
0 
0 
0 
0 
0 
0 
102.10 
72.20 
42.41 
29.99 
1 
0 
0 
0 
0 
0 
1 
103.67 
73.31 
43.98 
31.10 
2 
0 
0 
0 
0 
1 
0 
105.24 
74.42 
45.55 
32.21 
3 
0 
0 
0 
0 
1 
1 
106.81 
75.53 
47.12 
33.32 
4 
0 
0 
0 
1 
0 
0 
108.38 
76.64 
48.69 
34.43 
5 
0 
0 
0 
1 
0 
1 
109.96 
77.75 
50.27 
35.54 
6 
0 
0 
0 
1 
1 
0 
111.53 
78.86 
51.84 
36.65 
7 
0 
0 
0 
1 
1 
1 


113.10 
79.97 
53.41 
37.76 
8 
0 
0 
1 
0 
0 
0 
114.67 
81.08 
54.98 
38.87 
9 
0 
0 
1 
0 
0 
1 
116.24 
82.19 
56.55 
39.99 
10 
0 
0 
1 
0 
1 
0 
117.81 
83.30 
58.12 
41.10 
11 
0 
0 
1 
0 
1 
1 


119.38 
84.42 
59.69 
42.21 
12 
0 
0 
1 
1 
0 
0 
120.95 
85.53 
61.26 
43.32 
13 
0 
0 
1 
1 
0 
1 
122.52 
86.64 
62.83 
44.43 
14 
0 
0 
1 
1 
1 
0 
124.09 
87.75 
64.40 
45.54 
15 
0 
0 
1 
1 
1 
1 


125.66 
88.86 
65.97 
46.65 
16 
0 
1 
0 
0 
0 
0 
127.23 
89.97 
67.54 
47.76 
17 
0 
1 
0 
0 
0 
1 
128.81 
91.80 
69.12 
48.87 
18 
0 
1 
0 
0 
1 
0 
130.38 
92.19 
70.69 
49.98 
19 
0 
1 
0 
0 
1 
1 


131.95 
93.30 
72.26 
51.10 
20 
0 
1 
0 
1 
0 
0 
133.52 
94.41 
73.83 
52.20 
21 
0 
1 
0 
1 
0 
1 
135.08 
95.52 
75.40 
53.31 
22 
0 
1 
0 
1 
1 
0 
136.66 
96.83 
76.97 
54.43 
23 
0 
1 
0 
1 
1 
1 


138.23 
97.74 
78.53 
55.54 
24 
0 
1 
1 
0 
0 
0 
139.80 
98.86 
80.11 
56.65 
25 
0 
1 
1 
0 
0 
1 
141.37 
99.97 
81.68 
57.76 
26 
0 
1 
1 
0 
1 
0 
142.94 
101.08 
83.25 
58.87 
27 
0 
1 
1 
0 
1 
1 
144.51 
102.89 
84.82 
59.98 
28 
0 
1 
1 
1 
0 
0 
146.08 
103.30 
86.39 
61.09 
29 
0 
1 
1 
1 
0 
1 
147.65 
104.41 
87.96 
62.20 
30 
0 
1 
1 
1 
1 
0 
149.23 
105.52 
89.54 
63.31 
31 
0 
1 
1 
1 
1 
1 


150.80 
106.63 
91.11 
64.42 
32 
1 
0 
0 
0 
0 
0 
152.37 
107.74 
92.68 
65.53 
33 
1 
0 
0 
0 
0 
1 
153.98 
108.85 
94.25 
66.64 
34 
1 
0 
0 
0 
1 
0 
155.51 
109.96 
95.82 
67.75 
35 
1 
0 
0 
0 
1 
1 


157.08 
111.07 
97.39 
68.86 
36 
1 
0 
0 
1 
0 
0 
158.65 
112.18 
98.96 
69.98 
37 
1 
0 
0 
1 
0 
1 
160.22 
113.29 
100.53 
71.09 
38 
1 
0 
0 
1 
1 
0 
161.79 
114.41 
102.10 
72.20 
39 
1 
0 
0 
1 
1 
1 


163.36 
115.52 
102.67 
73.31 
40 
1 
0 
1 
0 
0 
0 
164.93 
116.63 
105.24 
74.42 
41 
1 
0 
1 
0 
0 
1 
166.50 
117.74 
106.81 
75.53 
42 
1 
0 
1 
0 
1 
0 
168.08 
118.85 
108.38 
76.64 
43 
1 
0 
1 
0 
1 
1 
169.65 
119.96 
109.96 
77.75 
44 
1 
0 
1 
1 
0 
0 
171.22 
121.07 
111.53 
78.86 
45 
1 
0 
1 
1 
0 
1 
172.79 
122.18 
113.10 
79.97 
46 
1 
0 
1 
1 
1 
0 
174.36 
123.29 
114.66 
81.08 
47 
1 
0 
1 
1 
1 
1 


Microprocessor 
Programmable 


Universal Active 
Filters 


feLK/fo RATIO 
PROGRAM 
CODE 


MAX260/61 
MAX262 


MODE 
1,3,4 
MODE 
2 
MODE 
1,3,4 
MODE 
2 
N 
F5 
F4 
F3 
F2 
F1 
FO 


175.93 
124.40 
116.24 
82.19 
48 
1 
1 
0 
0 
0 
0 


177.50 
125.51 
117.81 
83.30 
49 
1 
1 
0 
0 
0 
1 


179.07 
126.62 
119.38 
84.41 
50 
1 
1 
0 
0 
1 
0 


180.64 
127.73 
120.95 
85.53 
51 
1 
1 
0 
0 
1 
1 


182.21 
128.84 
122.52 
86.64 
52 
1 
1 
0 
1 
0 
0 


183.78 
129.96 
124.09 
87.75 
53 
1 
1 
0 
1 
0 
1 


185.35 
131.07 
125.66 
88.86 
54 
1 
1 
0 
1 
1 
0 


186.92 
132.18 
127.23 
89.97 
55 
1 
1 
0 
1 
1 
1 


188.49 
133.29 
128.81 
91.08 
56 
1 
1 
1 
0 
0 
0 


190.07 
134.40 
130.38 
92.19 
57 
1 
1 
1 
0 
0 
1 


191.64 
135.51 
131.95 
93.30 
58 
1 
1 
1 
0 
1 
0 


193.21 
136.62 
133.52 
94.41 
59 
1 
1 
1 
0 
1 
1 


194.78 
137.73 
135.09 
95.52 
60 
1 
1 
1 
1 
0 
0 


196.35 
138.84 
136.66 
96.63 
61 
1 
1 
1 
1 
0 
1 


197.92 
139.95 
138.23 
97.74 
62 
1 
1 
1 
1 
1 
0 


199.49 
141.06 
139.80 
98.85 
63 
1 
1 
1 
1 
1 
1 


Notes: 
1) For the MAX260/61, 
fCLK/fo ~ (64 + N)1T/2 in Mode 
1, 3, and 4, where 
N varies from 
0 to 63. 


2) For the MAX262, 
fCLK/fo ~ (26 + N)1T/2 in Mode 
1, 3, and 4, where 
N varies 0 to 63. 
3) In Mode 2, all fCLK/fo ratios are divided 
by ../2. The functions 
are then: 
MAX260/61 
fCLK/fo = 1.11072 (64 + N), MAX262 
fCLK/fo = 1.11072 (26 + N) 


PROGRAMMED 
0 
PROGRAM 
CODE 


MODE 
1,3,4 
MODE 
2 
N 
06 
05 
04 
03 
02 
01 
00 


0.500' 
0.707' 
0' 
0 
0 
0 
0 
0 
0 
0 
0.504 
0.713 
1 
0 
0 
0 
0 
0 
0 
1 
0.508 
0.718 
2 
0 
0 
0 
0 
0 
1 
0 
0.512 
0.724 
3 
0 
0 
0 
0 
0 
1 
1 
0.516 
0.730 
4 
0 
0 
0 
0 
1 
0 
0 
0.520 
0.736 
5 
0 
0 
0 
0 
1 
0 
1 
0.525 
0.742 
6 
0 
0 
0 
0 
1 
1 
0 
0.529 
0.748 
7 
0 
0 
0 
0 
1 
1 
1 


0.533 
0.754 
8 
0 
0 
0 
1 
0 
0 
0 
0.538 
0.761 
9 
0 
0 
0 
1 
0 
0 
1 
0.542 
0.767 
10 
0 
0 
0 
1 
0 
1 
0 
0.547 
0.774 
11 
0 
0 
0 
1 
0 
1 
1 
0.552 
0.780 
12 
0 
0 
0 
1 
1 
0 
0 
0.556 
0.787 
13 
0 
0 
0 
1 
1 
0 
1 
0.561 
0.794 
14 
0 
0 
0 
1 
1 
1 
0 
0.566 
0.801 
15 
0 
0 
0 
1 
1 
1 
1 


0.571 
0.808 
16 
0 
0 
1 
0 
0 
0 
0 
0.577 
0.815 
17 
0 
0 
1 
0 
0 
0 
1 
0.582 
0.823 
18 
0 
0 
1 
0 
0 
1 
0 
0.587 
0.830 
19 
0 
0 
1 
0 
0 
1 
1 
0.593 
0.838 
20 
0 
0 
1 
0 
1 
0 
0 
0.598 
0.846 
21 
0 
0 
1 
0 
1 
0 
1 
0.604 
0.854 
22 
0 
0 
1 
0 
1 
1 
0 
0.609 
0.862 
23 
0 
0 
1 
0 
1 
1 
1 


PROGRAMMED 
0 
PROGRAM 
CODE 


MODE 
1,3,4 
MODE 
2 
N 
06 
05 
04 
03 
02 
01 
00 


0.615 
0.870 
24 
0 
0 
1 
1 
0 
0 
0 


0.621 
0.879 
25 
0 
0 
1 
1 
0 
0 
1 


0.627 
0.887 
26 
0 
0 
1 
1 
0 
1 
0 


0.634 
0.896 
27 
0 
0 
1 
1 
0 
1 
1 


0.640 
0.905 
28 
0 
0 
1 
1 
1 
0 
0 


0.646 
0.914 
29 
0 
0 
1 
1 
1 
0 
1 


0.653 
0.924 
30 
0 
0 
1 
1 
1 
1 
0 


0.660 
0.933 
31 
0 
0 
1 
1 
1 
1 
1 


0.667 
0.943 
32 
0 
1 
0 
0 
0 
0 
0 


0.674 
0.953 
33 
0 
1 
0 
0 
0 
0 
1 


0.681 
0.963 
34 
0 
1 
0 
0 
0 
1 
0 


0.688 
0.973 
35 
0 
1 
0 
0 
0 
1 
1 


0.696 
0.984 
36 
0 
1 
0 
0 
1 
0 
0 


0.703 
0.995 
37 
0 
1 
0 
0 
1 
0 
1 


0.711 
1.01 
38 
0 
1 
0 
0 
1 
1 
0 


0.719 
1.02 
39 
0 
1 
0 
0 
1 
1 
1 


0.727 
1.03 
40 
0 
1 
0 
1 
0 
0 
0 


0.736 
1.04 
41 
0 
1 
0 
1 
0 
0 
1 


0.744 
1.05 
42 
0 
1 
0 
1 
0 
1 
0 


0.753 
1.06 
43 
0 
1 
0 
1 
0 
1 
1 


0.762 
1.08 
44 
0 
1 
0 
1 
1 
0 
0 


0.771 
1.09 
45 
0 
1 
0 
1 
1 
0 
1 


0.780 
1.10 
46 
0 
1 
0 
1 
1 
1 
0 


0.790 
1.12 
47 
0 
1 
0 
1 
1 
1 
1 


Notes: 
4)' 
Writing 
all Os into QOA-Q6A on Filter A activates 
a low power shutdown 
mode. BOTH filter sections 
are deactivated. 


Therefore 
this Q value is only 
achievable 
in filter 
B. 


Microprocessor 
Programmable 


Universal Active Filters 


C'I 
Table 3. Q Program 
Selection 
Table (Continued) 


CO 


~,.. 
CO 


~o 
CO 


~; 


PROGRAMMED 
0 
PROGRAM 
CODE 


MODE 
1,3,4 
MODE 
2 
N 
06 
05 
04 
03 
02 
01 
00 


0.800 
1.13 
48 
0 
1 
1 
0 
0 
0 
0 
0.810 
1.15 
49 
0 
1 
1 
0 
0 
0 
1 
0.821 
1.16 
50 
0 
1 
1 
0 
0 
1 
0 
0.831 
1.18 
51 
0 
1 
1 
0 
0 
1 
1 
0.842 
1.19 
52 
0 
1 
1 
0 
1 
0 
0 


0.853 
1.21 
53 
0 
1 
1 
0 
1 
0 
1 
0.865 
1.22 
54 
0 
1 
1 
0 
1 
1 
0 


0.877 
1.24 
55 
0 
1 
1 
0 
1 
1 
1 


0.889 
1.26 
56 
0 
1 
1 
1 
0 
0 
0 


0.901 
1.27 
57 
0 
1 
1 
1 
0 
0 
1 


0.914 
1.29 
58 
0 
1 
1 
1 
0 
1 
0 


0.928 
1.31 
59 
0 
1 
1 
1 
0 
1 
1 


0.941 
1.33 
60 
0 
1 
1 
1 
1 
0 
0 
0.955 
1.35 
61 
0 
1 
1 
1 
1 
0 
1 


0.969 
1.37 
62 
0 
1 
1 
1 
1 
1 
0 
0.985 
1.39 
63 
0 
1 
1 
1 
1 
1 
1 


1.00 
1.41 
64 
1 
0 
0 
0 
0 
0 
0 


1.02 
1.44 
65 
1 
0 
0 
0 
0 
0 
1 
1.03 
1.46 
66 
1 
0 
0 
0 
0 
1 
0 
1.05 
1.48 
67 
1 
0 
0 
0 
0 
1 
1 
1.07 
151 
68 
1 
0 
0 
0 
1 
0 
0 
1.08 
1.53 
69 
1 
0 
0 
0 
1 
0 
1 
1.10 
1.56 
70 
1 
0 
0 
0 
1 
1 
0 
1.12 
1.59 
71 
1 
0 
0 
0 
1 
1 
1 


1.14 
1.62 
72 
1 
0 
0 
1 
0 
0 
0 
1.16 
1.65 
73 
1 
0 
0 
1 
0 
0 
1 
1.19 
1.68 
74 
1 
0 
0 
1 
0 
1 
0 
1.21 
1.71 
75 
1 
0 
0 
1 
0 
1 
1 


1.23 
1.74 
76 
1 
0 
0 
1 
1 
0 
a 


1.25 
1.77 
77 
1 
0 
0 
1 
1 
0 
1 
1.28 
1.81 
78 
1 
0 
0 
1 
1 
1 
0 


1.31 
1.85 
79 
1 
0 
0 
1 
1 
1 
1 


1.33 
1.89 
80 
1 
0 
1 
0 
0 
0 
0 
1.36 
1.93 
81 
1 
a 
1 
0 
0 
0 
1 
1.39 
1.97 
82 
1 
0 
1 
0 
0 
1 
0 
1.42 
2.01 
83 
1 
0 
1 
0 
0 
1 
1 
1.45 
2.06 
84 
1 
0 
1 
0 
1 
0 
0 
1.49 
2.10 
85 
1 
0 
1 
0 
1 
0 
1 
1.52 
2.16 
86 
1 
0 
1 
0 
1 
1 
0 
1.56 
2.21 
87 
1 
0 
1 
0 
1 
1 
1 


PROGRAMMED 
0 
PROGRAM 
CODE 


MODE 
1,3,4 
MODE 
2 
N 
06 
05 
04 
03 
02 
01 
QO 


1.60 
2.26 
88 
1 
a 
1 
1 
a 
0 
0 
1.64 
2.32 
89 
1 
0 
1 
1 
0 
0 
1 
1.68 
2.40 
90 
1 
0 
1 
1 
0 
1 
0 
1.73 
2.45 
91 
1 
0 
1 
1 
0 
1 
1 
1.78 
2.51 
92 
1 
0 
1 
1 
1 
0 
0 
1.83 
2.59 
93 
1 
0 
1 
1 
1 
0 
1 


1.88 
2.66 
94 
1 
0 
1 
1 
1 
1 
0 
1.94 
2.74 
95 
1 
0 
1 
1 
1 
1 
1 


2.00 
2.83 
96 
1 
1 
0 
0 
0 
0 
0 
2.06 
2.92 
97 
1 
1 
0 
0 
0 
0 
1 
2.13 
3.02 
98 
1 
1 
0 
0 
0 
1 
0 
2.21 
3.12 
99 
1 
1 
0 
0 
0 
1 
1 


2.29 
3.23 
100 
1 
1 
0 
0 
1 
0 
0 
2.37 
3.35 
101 
1 
1 
0 
0 
1 
0 
1 


2.46 
3.48 
102 
1 
1 
0 
0 
1 
1 
0 
2.56 
3.62 
103 
1 
1 
0 
0 
1 
1 
1 


2.67 
3.77 
104 
1 
1 
0 
1 
0 
0 
0 
2.78 
3.96 
105 
1 
1 
0 
1 
a 
0 
1 
2.91 
4.11 
106 
1 
1 
0 
1 
0 
1 
0 
3.05 
4.31 
107 
1 
1 
0 
1 
0 
1 
1 
3.20 
4.53 
108 
1 
1 
0 
1 
1 
0 
0 
3.37 
4.76 
109 
1 
1 
0 
1 
1 
0 
1 


3.56 
5.03 
110 
1 
1 
0 
1 
1 
1 
a 
3.76 
5.32 
111 
1 
1 
0 
1 
1 
1 
1 


4.00 
5.66 
112 
1 
1 
1 
0 
0 
0 
0 
4.27 
6.03 
113 
1 
1 
1 
0 
0 
0 
1 
4.57 
6.46 
114 
1 
1 
1 
0 
0 
1 
0 
4.92 
6.96 
115 
1 
1 
1 
0 
0 
1 
1 
5.33 
7.54 
116 
1 
1 
1 
0 
1 
0 
0 
5.82 
8.23 
117 
1 
1 
1 
0 
1 
0 
1 
6.40 
9.05 
118 
1 
1 
1 
0 
1 
1 
0 


7.11 
10.1 
119 
1 
1 
1 
0 
1 
1 
1 


8.00 
11.3 
120 
1 
1 
1 
1 
0 
0 
0 
9.14 
12.9 
121 
1 
1 
1 
1 
0 
0 
1 
10.7 
15.1 
122 
1 
1 
1 
1 
0 
1 
0 
12.8 
18.1 
123 
1 
1 
1 
1 
0 
1 
1 


16.0 
22.6 
124 
1 
1 
1 
1 
1 
0 
0 
21.3 
30.2 
125 
1 
1 
1 
1 
1 
0 
1 
32.0 
45.3 
126 
1 
1 
1 
1 
1 
1 
0 
64.0 
90.5 
127 
1 
1 
1 
1 
1 
1 
1 


Notes: 
5) 
In Modes 
1, 3, and 
4: Q = 64/(128-N) 
6) 
In Mode 
2, the 
listed 
Q values 
are 
those 
of Mode 
1 multiplied 
by ,J2. Then 
Q = 9O.511(128-N) 
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o 
CRYSTAL 
·osc OUT IS PIN 18 ON MAX261162 


CLK 
OUT 
CLKB 
12 
'eLK = ~~ 


CLK 
OUT 
CLKB 


12 


Oscillator and Clock Inputs 


The clock circuitry 
of the MAX260/61162 can operate 
with a crystal, resistor-capacitor 
(RC) network, or an 
external clock generator as shown in Figure 4. If an 
RC oscillator 
is used, the clock rate, fCLK' 
nominally 
equals 0.45/RC. 


The duty 
cycle of the clock 
at CLKA 
and CLKe is 
unimportant 
because the input is internally divided by 
two to generate 
the sampling 
clock 
for each filter 
section. It is important to note that this internal division 
also halves the sample rate when considering aliasing 
and other sampled system phenomenon. 


Microprocessor Interlace 


fo, Q, and Mode selection data is stored in an internal 
program memory. The memory contents are updated 
by writing to addresses selected by AO-A3. DOand Dl 
are the data inputs. A map of the memory locations is 
shown 
in Table 4. Data is stored 
in the selected 
address on the rising edge of WR. Address and data 
inputs are TTL and CMOS compatible 
when the filter 


DATA BIT 
I 
ADDRESS 
I 
A3 
LOCATION 
DO 
01 
A2 
A1 
AO 


FILTER 
A 


MOA 
M1A 
0 
0 
0 
0 
0 
FOA 
F1A 
0 
0 
0 
1 
1 
F2A 
F3A 
0 
0 
1 
0 
2 
F4A 
F5A 
0 
0 
1 
1 
3 
QOA 
Q1A 
0 
1 
0 
0 
4 
Q2A 
Q3A 
0 
1 
0 
1 
5 
Q4A 
Q5A 
0 
1 
1 
0 
6 
Q6A 
0 
1 
1 
1 
7 


FILTER 
B 


MOB 
M1B 
1 
0 
0 
0 
8 
FOB 
F1B 
1 
0 
0 
1 
9 
F2B 
F3B 
1 
0 
1 
0 
10 
F4B 
F5B 
1 
0 
1 
1 
11 
QOB 
Q1B 
1 
1 
0 
0 
12 
Q2B 
Q3B 
1 
1 
0 
1 
13 
Q4B 
Q5B 
1 
1 
1 
0 
14 
Q6B 
1 
1 
1 
1 
15 


Note: 
Writing 
0 into 
QOA-Q6A (address 
locations 
4-7) on 
Filter A activates shutdown 
mode. BOTH filter sections 
deactivate. 


is powered from ±5 volts. With other power supply 
voltages. CMOS logic levels should be used. Interface 
timing is shown in Figure 5. Note: Clock inputs CLKA 
and CLKs have no relation 
to the digital 
interface. 


They control the switched-capacitor 
filter sample rate 
only. 


Some noise may be generated on the filter outputs by 
transitions 
at the logic inputs. If this is objectionable, 
~ 
the digital lines should be buffered from the device by a:. 
logic gates as shown in Figure 6. 


~tos 
im 
00.01 «XXX 
jALiO 
DATA 
X 


Microprocessor 
Programmable 
Universal Active 
Filters 


+5V 
OCTAL 
0 FLIP-FLOP 
74HC374 


3 
2 
AO 
10 
10 
AO 


A1 
20 
20 
A1 


7 
6 
A2 
3D 
30 
A2 


8 
/III/JXI/Yl 


A3 
40 
40 
A3 
MAX260 
13 
12 
MAX261 
01 
50 
50 
01 


14 
15 
MAX262 


02 
60 
60 
02 


Shutdown Mode 


The MAX260/61/62 enters a shutdown/standby 
mode 


when all zeroes are written to the 0 addresses of filter 
A (OOA-06A). 
When shut down, power consumption 


with 
±5V 
supplies 
typically 
drops 
to 10mW. When 


reactivating 
the filter 
after shutdown, 
allow 2ms to 


return to full operation. 


______ 
Filter Operating 
Modes 


There are several ways in which the summing ampli- 
fier and integrators in each MAX260/61/62 filter section 
can be configured. 
The four most versatile intercon- 


nections (modes) are selected by writing to inputs MO 
and M1 (See Tables 4 and 5). These modes use no 
external components. 
A fifth mode, 3A, makes use of 


an additional 
op-amp 
(included 
in the MAX261 and 


262) and external resistors but uses the same internal 
configuration, 
and 
is selected 
with 
the same pro- 


gramming code, as Mode 3. 


Figures 7 through 
11 show symbolic 
representations 


of the MAX260 filter modes. Only one second-order 
section is shown in each case. The A and B sections 
of one MAX260/61/62 can be programmed for different 
modes if desired. The fa, fN (notch), 
0, and various 


output gains in each case are shown in Table 5. 


Filte, Mode $election 


MODE 1 (Figure 7) is useful when implementing 
all- 


pole lowpass and bandpass filters such as Butterworth, 
Chebyshev, Bessel, etc .. It can also be used for notch 
filters, 
but only second-order 
notches 
because the 
relative 
pole and 
zero 
locations 
are fixed. 
Higher 
order notch filters require more latitude in fa and fN, 
which is why they are more easily implemented 
with 
Mode 3A. 


Mode 
1, along 
with 
Mode 4, supports 
the highest 
clock 
frequencies 
(See Table 1) because the input 


summing amplifier is outside the filter's resonant loop 
(Figure 7). The gain of the low pass and notch outputs 


Figure 
Z Filter Mode 
1: Second-Order 
Bandpass. 


Lowpass 
and Notch 


FILTER 
HON1 
HON' 
MODE 
M1, MO 
FUNCTIONS 
10 
Q 
IN 
HolP 
HOBP 
(I - 
0) 
(I - 
IclK/4) 
OTHER 


1 
0, 0 
Lp, Bp, N 
10 
-1 
-0 
-1 
-1 


2 
0,1 
Lp, Bp, N 


C\J 
M 
10J2 
-0.5 
-0/J2 
-0.5 
-1 
w 
w 


3 
1,0 
Lp, Bp, HP 


...J 
...J 


-1 
-0 
HoHP = -1 
(IJ 
(IJ 
~ 
~ 
lo~ 
+RG 
RG 
3A 
1,0 
Lp, Bp, HP, N 
w 
w 
-1 
-0 
+- 
HoHP = -1 
w 
w 
Rl 
Rl 
RH 
rfJ 
rfJ 


4 
1,1 
Lp, Bp, AP 
-2 
-20 
HOAP= -1 
Iz = 10,Oz = 0 


Notes: 
10 = Center 
Frequency 
IN = Notch 
Frequency 
HolP 
= Lowpass 
Gain at DC 


HOBP = Bandpass 
Gain at 10 


HoHP = Highpass 
Gain as I approaches 
IClK/4 


HON1 = Notch 
Gain as I approaches 
DC 
HON2= Notch 
Gain as I approaches 
IClK/4 
HOAP= Allpass 
Gain 
Iz. Oz = I and 0 01 Complex 
Pole Pair 
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is 1, while the bandpass 
gain at the center frequency 


is O. For bandpass 
gains other than 0, the filter input 


or 
output 
can 
be scaled 
by a resistive 
divider 
or 
op-amp. 


MODE 2 (Figure 
8) is used for all-pole 
low pass and 
bandpass 
filters. 
Key advantages 
compared 
to Mode 
1 are higher 
available 
Os (See Table 3) and 
lower 
output 
noise. Mode 2's available fQLK/fo ratios are J2 
less than with Mode 1 (See Table 2) so a wider overall 
range of fos can be selected from a single clock when 
both modes are used together. 
This is demonstrated 


in the Wide 
Passband 
Chebyshev 
Bandpass 
design 


example. 


Figure 8. Filter 
Mode 2: Second-Order 
Bandpass, 


Lowpass 
and Notch 


MODE 3 (Figure 9) is the only mode which 
produces 
high-pass 
filters. 
The 
maximum 
clock 
frequency 
is 
somewhat 
less than with MODE 
1 (See Table 1). 


Figure 
9. Filter 
Mode 3: Second-Order 
Bandpass, 
Lowpass 
and Highpass 


MODE 
3A (Figure 
10) uses a separate 
op-amp 
to 
sum the 
highpass 
and 
low pass outputs 
of Mode 3, 
creating 
a separate 
notch output. 
This output 
allows 


the notch 
to be set independently 
of fa by adjusting 


the op-amp's 
feedback 
resistor 
ratio (RH, RLl. RH, RL, 


..I""'I..IJ X 
1..1""'1 


and RG are external 
resistors. 
Because the notch can 


be independently 
set, Mode 3A is also useful 
when 


designing 
pole-zero 
filters such as elliptics. 


Figure 
10. Filter 
Mode 
3A: Second-Order 
Bandpass, 


Lowpass, 
Highpass 
and 
Notch. 
For elliptic 
Lp, 


Bp, HP and Notch, 
the N output 
is used 


MODE 4 (Figure 11) is the only mode that provides an 
allpass output. This is useful when implementing 
group 


delay equalization. 
In addition 
to this, Mode 4 can also 


be used 
in all 
pole 
lowpass 
and 
bandpass 
filters. 


Along with Mode 1, it is the fastest operating 
mode for 
•• 
the filter, although 
the gains are different 
than in Mode 
•• 
1. When the all pass function 
is used, note that some 


amplitude 
peaking occurs (approximately 
0.3dB when 


Q = 8) at fa· Also note that to and 0 sampling 
errors 


are highest 
in Mode 4 (See Figure 20). 


Figure 
11. Filter 
Mode 
4: Second-Order 
Bandpass, 


Lowpass 
and Allpass 
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__ 
Description of Filter Functions 


BANDPASS 
(Figure 
12) 


For all pole bandpass and lowpass filters (Butterworth, 
Bessel, Chebyshev) 
use Mode 1 if possible. 
If appro- 


priate fclK/fo 
or 0 values are not available 
in Mode 1, 
Mode 2 may provide 
a selection 
that is closer to the 


required 
values. 
Mode 
1 however 
has the 
highest 


bandwidth 
(See Table 1). For pole-zero 
filters such as 


elliptics 
see Mode 3A. 


G s 
- H 
s(wclO) 


( ) - 
OSP S2 + s(wclO) 
+ wo2 


Hosp 
= Bandpass 
output 
gain at w = Wo 
fo = 
wcl21T 
= The center frequency 
of the complex 
pole pair. Input-output 
phase shift is -180° at 
fo· 
o = 
The quality 
factor 
of the complex 
pole pair. 


Also the ratio of fo to -3dB 
bandwidth 
of the 
second-order 
bandpass 
response. 


LOWPASS See Bandpass 
text. (Figure 
13) 


w 
2 
G(s) - H 
0 
- 
OlP S2 + s(wclO) 
+ wo2 


HOlP = Lowpass 
output 
gain at DC 


fo = 
wol21T 


HIGHPASS 
(Figure 
14) 


Mode 3 is the only 
mode with a high pass output. 
It 


will work for all pole filter types such as Butterworth, 
Bessel and Chebyshev. 
Use mode 3A for filters 
em- 


ploying 
both poles and zeros such as elliptics. 


S2 
G(s) 
= HOHP S2 + s(wclO) 
+ wo2 


HOHP = Highpass 
output 
gain as f approaches 
fclK/4 


fo = 
wol21T 


NOTCH 
(Figure 
15) 


Mode 3A is recommended 
for multi-pole 
notch filters. 
In 2nd order 
filters, 
Mode 
1 can also be used. The 


advantages of Mode 1 are higher bandwidth 
compared 


to mode 3 (Higher 
fN can be implemented) 
and no 


need for external 
components 
as required 
in Mode 


3A. 


S2 + W 2 
G(s) - H 
n 
- 
ON2 S2 + S(wclO) 
+ Wo2 


HON2 = Notch 
output 
gain as f approaches 
fclK/4 


HON1 = Notch 
output 
gain as f approaches 
DC 


fn = 
Wnl21T 


HOBP 


~ 
0.707 HOBP 
Z:c 
CJ 


Q='H'~'L"O= 
~ 


'L = 10 [~+ J (2~12+~ 


'H= '0 [~+ J (2~)2+1] 


Hop 
- 
HOLP 
~- 
_ 
0.707 HOLP 


'P ='0 J 1 - 2<k 


1 


1 r:-1 
aV1-W 
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Ie = fO • [J (1 -~) 
+ J 
(1 - ~)2 
+1 l' 


fp=fO' [nl' 


1 


1~aV 1-402" 


HON2 


HON' 
[ 


Z< 
(:J 


HON 


IN 


f(lOG 
SCALE) 


ALL PASS 


Mode 4 is the only configuration 
in which 
an all pass 
function 
can be realized. 


G(s) = H 
S2 - s(wolO) 
+ wo2 


OAP S2 + s(wolO) 
+ Wo2 


HOAP = All pass output 
gain for DC < f < fclK/4 


fo = 
woi27T 


_____ 
Filter Design Procedure 


The procedure 
for most filter designs is to first convert 


the required 
frequency 
response specifications 
to fos 


and Os for the appropriate 
number 
of second-order 


sections 
that implement 
the filter. This can be done 


by using design equations 
or tables in available 
liter- 


ature, or can be conveniently 
calculated 
using Maxim's 


filter design software. 
Once the fg and Os have been 


found, 
the next step is to turn 
t em into the digital 


program 
coefficients 
required 
by the MAX260/61/62. 


An operating 
Mode and clock 
frequency 
(or clock/ 


center frequency 
ratio) 
must also be selected. 


Next, 
if the sample 
rate 
(fcLK/2) 
is low 
enough 
to 


cause significant 
errors, the selected fos and Os should 


be corrected 
to account 
for sampling 
effects by using 


Figure 20 or Maxim's design software. 
In most cases, 


the sampling 
errors 
are small enough 
to require 
no 


correction, 
i.e. less than 
1%. In any 
case, with 
or 


without 
correction, 
the required 
fQs and Os can then 


be selected from Tables 2 and 3. Maxim's filter design 
software 
can also perform 
this last step. The desired 


fos and 
Os are stated, 
and 
the 
appropriate 
digital 


coefficients 
are supplied. 


Cascsding Filters 


In some 
designs, 
such 
as very narrow 
band 
filters, 


several 
second-order 
sections 
with 
identical 
center 


frequency 
may be cascaded. 
The total 0 of the re- 


sultant 
filter 
is: 


o 
Total Or = 
/ 


V (21/N - 1) 
o is the 0 of each individual 
filter 
section, 
and N is 


the number 
of sections. 
In Table 6, the total 0 and 


bandwidth 
are listed for up to five identical 
second- 
~ 
order sections. 
B is the bandwidth 
of each section. 
~ 


Total Sections 
Total B.W. 
Total Q 


1 
1.000 B 
1.00 Q 


2 
0.644 B 
1.55 Q 


3 
0.510 B 
1.96 Q 


4 
0.435 B 
2.30 Q 


5 
0.386 B 
2.60 Q 
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- - - 5V / 
J~iE 
- 


,/\...j 
0;/ 
7.5k~ 


INA 
/; 
/ 
/ L TO GNO PIN 


OR 
IN. 


In high order bandpass filters, stages with different 
fos 
and as are also often cascaded. 
When this happens 
the overall filter gain at the bandpass center frequency 
is not 
simply 
the 
product 
of 
the 
individual 
gains 
because fo, the frequency 
where each section's 
gain is 
specified, 
is different 
for each second-order 
section. 


The gain of each section at the cascaded filter's center 
frequency 
must be determined 
to obtain the total gain. 


For all-pole filters the gain, H(fo), at each second-order 
section's 
fo is divided 
by an adjustment 
factor, G, to 
obtain that section's 
gain, H(foBP), at the overall center 


frequency: 


H1(foBP) = H(f01)/G1 = Section 
1's Gain at foBP 
a1[(F12 - 1)2 + (F1/a1)2]'h 


G1 = --------- 
F1 


where F1 = f01/foBP 
G1, a1, and f01 are the gain adjustment 
factor, a, and 


!o for the first of the cascaded 
second-order 
sections. 
The gain 
of the other 
sections 
(2, 3 etc.) at foBP is 


CMOS 
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00,01 
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determined 
the same way. The overall gain is: 


H(foBP) = H1(foBP) x H2(foBP) x etc. 


For cascaded 
filters 
with zeros (fz) such as elliptics, 


the gain adjustment 
factor 
for each stage is: 


a1[Fz12 - F12] [(F12 - 1)2 + (F1/a1)2)'h 


G1 = -------------- 


F12(Fz12- 1) 


where F1Z = fZ1/foBP,and F1 is the same as above. 


________ 
Application 
Hints 
Power Supplies 


The MAX260/61/62 
can be operated 
with a variety 
of 
power 
supply 
configurations 
including 
+5V to +12V 
single supply, or ±2.5V to ±5V dual supplies. 
When a 
single 
supply 
is used, 
V- is connected 
to 
system 
ground 
and the filter's 
GND pin should 
be biased at 
V+/2. 
The 
input 
signal 
is then 
either 
capacitively 


coupled 
to the filter input or biased to V+/2. 
Figure 16 
shows circuit connections 
for single supply operation. 


- 
- 
- 
- 
5V 
--------_c 
VIN f'\. 
---ov 
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When power supplies other than ±5V are used, CMOS 
input 
logic levels (HIGH 
= V+, lOW 
= GND or V') are 


required 
for WR, DO-D1, AO-A3, 
ClKp. 
and 
ClKs 
. 


With ±5V supplies, 
either TTl 
or CMOS levels can be 
used. Note however 
that power consumption 
at ±5V 


is reduced 
if ClKA 
and ClKs 
are driven 
with 
±5V, 
rather than TTl 
or 0 to 5V levels. Operation 
with +5V 
or ±2.5V 
power 
lowers 
power consumption 
but also 
reduces 
bandwidth 
by approximately 
25% compared 
to +12V or ±5V supplies. 


Best performance 
is achieved if V+ and V' are bypassed 
to ground 
with 
4.7f.lF electrolytic 
(Tantalum 
is pre- 


ferred.) 
and 0.1f.lF ceramic 
capacitors. 
These should 
be located 
as close 
to the supply 
pins as possible. 


The lead length 
of the bypass capacitors 
should 
be 
shortest 
at the V+ and V' pins. When 
using a single 
supply 
V+ and 
GND 
should 
be bypassed 
to V' as 
shown 
in Figure 
16. 
Output Swing and Clipping 


MAX260/61/62 
outputs 
are designed 
to drive 
10kO 
loads. For the MAX261 and MAX262, all filter outputs 
swing 
to within 
0.15V of each supply 
rail with a 10kO 
load. 
In the 
MAX260 
only, 
an internal 
sample-hold 
circuit 
reduces voltage 
swing 
at the N/HP/AP output 
compared 
to lP and Bf' N/HP/AP therefore 
swings to 
within 
1V (10kO load) of either 
rail on the MAX260. 


To ensure that the outputs 
are not driven beyond their 
maximum 
range (output clipping). 
the peak amplitude 
response, individual 
section gains (Hosp, HOLP,HOHP). 


input 
signal 
level, and filter 
offset 
voltages 
must 
be 
carefully 
considered. 
It is especially 
important 
to 
check 
UNUSED 
outputs 
for clipping 
(i.e. the low pass 
output 
in a bandpass 
hookup) 
because 
overload 
at 
ANY filter stage severely distorts the overall response. 
The maximum 
signal swing with ±4.75V supplies 
and 
a 1.0V filter offset 
is approximately 
±3.5V. 


For example 
lets assume a fourth-order 
lowpass filter 
is being 
implemented 
with 
a Q of 2 using 
Mode 
1. 


With 
a single 
5V supply 
(i.e. ±2.5V 
with 
respect 
to 
chip 
GND) 
the maximum 
output 
signal 
is ±2V 
(w.r.t. 


GND). 
Since 
in Mode 
1 the 
maximum 
signal 
is Q 
times 
the input 
signal, 
the input 
should 
not exceed 
±(2/Q)V, 
or ±1V in this case. 


Clock Feedthrough and Noise 


Typical 
wideband 
noise for MAX260 series devices is 
0.5mVpp 
from 
DC to 100kHz. The 
noise 
is virtually 
independent 
of clock 
frequency. 
In multistage 
filters, 
the section 
with the highest 
Q should 
be placed first 
for lower output 
noise. 


The output 
waveform 
of the MAX260 series and other 
switched 
capacitor 
filters appears as a sampled signal 
with stepping 
or "staircasing" 
of the output 
waveform 
occurring 
at the 
internal 
sample 
rate (fCLK/2). This 
stepping, 
if objectionable, 
can be removed 
by adding 
a single 
pole 
RC filter. 
With 
no input 
signal, 
clock 
related feedthrough 
is approximately 
8mVpp' This can 
also 
be attenuated 
with 
an RC smoothing 
filter 
as 
shown 
with the MAX261 in Figure 
17. 


! 


A W/DIV. 
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Some noise also may be generated at the filter outputs 
by transitions 
at the logic 
inputs. 
If this is objection- 
able, 
the 
digital 
lines 
should 
be buffered 
from 
the 
device by logic gates as shown 
in Figure 6. 
Input Impedance 


The 
input 
to each 
filter 
is the 
switched 
capacitor 
circuit 
shown 
in Figure 
18. In the MAX260. the input 
capacitor 
charges to the input voltage VIN during 
the 
first half clock cycle. During the second 
half-cycle 
its 
charge 
is transferred 
to the feedback 
capacitor. 
The 
resultant 
input 
impedance 
can be approximated 
by: 


R1N= 1/(CINfcLK/2) 
= 2/(CINfcLK)' 


CjN is around 
12pF, hence for a clock 
frequency 
of 


500kHz, R1N= 333kO. The input also has about 5pF of 
fixed capacitance 
to ground. 


~ Il...f 


T 
CFB 


VIN~1 r 
I 
C,N 


=5pF 
~ 
- 
r 
12pF 
+ 
~ 
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The MAX2611262 input structure 
is shown in Figure 


19. Here CA = 12pF and C~ = 0.016pF and only CB is 
switched, so the input resistance is 750 times larger 
compared 
to 
the 
MAX260 
(RIN 
= 250MO). 
The 
MAX261/62 has a fixed capacitance of approximately 
5pF to ground. 


'0 and Q at Low Sample 
Rates 


When low fC~K/fo ratios and low Q settings are se- 
lected, deviation trom ideal continuous filter response 
may be noticeable 
in some designs. This is due to 


interaction 
between Q, and fa at low fCLK/foratios and 
Qs. The data in Figure 20 quantifies these differences. 
Since the errors are predictable, 
the graphs can be 
used to correct 
the selected fa and Q so that the 


actual realized parameters are on target. These pre- 
dicted errors are not unique to MAX260 series devices 
and in fact occur 
with all types of sampled filters. 
Consequently, 
these corrections 
can be applied 
to 


other 
switched-capacitor 
filters. 
In the majority 
of 


cases, the errors are not significant, i.e. less than 1%, 
and correction 
is not needed. However, the MAX262 
does employ a lower range of fcLK/fo ratios than the 
MAX260 or MAX261 and is more prone to sampling 
errors as the tables show. 
Maxim's filter 
design software 
applies the previous 


corrections 
automatically 
as a function 
of desired 


fCLK/fo, and Q. Therefore, 
Figure 20 should NOT be 


used when Maxim's software determines fa and Q. This 
results in overcompensation 
of the sampling 
errors 


since the correction 
factors are then counted twice. 


The data plotted in Figure 20 applies for Modes 1 and 
3. When using 
Figure 20 for Mode 4, the fa error 


obtained from the graph should be multiplied 
by 1.5 


and the Q error should be multiplied 
by 3.0. In ,Mode 


2 the value of fCLK/foshould be multiplied 
by. "';2 and 


the programmed 
Q should be divided by V2 before 


using the graphs. 
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Figure 
20. Sampling 
Errors 
in 'CLK/'O and Q at Low 
'CLK/'O 


and Q Settings 
AliasIng 


As with all sampled systems, frequency components 
of the input signal above one half the sampling 
rate 
will be aliased. In particular, input signal components 
near the sampling rate generate difference frequencies 
that often fall within the passband of the filter. Such 
aliased signals, when they appear at the output, are 
indistinguishable 
from 
real 
input 
information. 
For 
example, the aliased output signal generated when a 
99kHz waveform 
is applied 
to a filter 
sampling 
at 
100kHz, (fCLK= 200kHz) is 1kHz. This waveform is an 
attenuated 
version 
of the output 
that would 
result 
from 
a true 
1kHz input. 
Remember 
that 
with 
the 
MAX260 series filters, the nyquist rate (one half the 
sample rate) is in fact fcLK/4 because fCLKis internally 
divided by two. 
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OFFSET 
-= 
TRIM 
GAIN = -R,/R2 


fLP = 2lT~'C, 


Figure 
21. Circuit 
for DC Offset 
Adjustment 


A simple 
passive 
RC lowpass 
input 
filter 
is usually 
sufficient 
to remove input frequencies 
that can cause 
aliasing. 
In many cases the input signal 
itself may be 
band limited and require no special anti-alias 
filtering. 


The wideband 
MAX262 uses lower fCLK/fo ratios than 


40 


15 
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the MAX260/61 
and for this reason is more likely to 
require 
input filtering 
than the MAX260 or MAX261. 


Trimming DC Offset 


The DC offset voltage 
at the LP or Notch 
output 
can 
be adjusted 
with the circuit 
in Figure 21. This circuit 
also 
uses the 
input 
op-amp 
to implement 
a single 
pole 
anti-alias 
filter. 
Note 
that 
the 
total 
offset 
will 
generally 
be less in multistage 
filters than when only 
one 
section 
is used 
since 
each 
offset 
is typically 
negative and each section 
inverts. When the HP or BP 
outputs 
are used, 
the 
offset 
can 
be removed 
with 
capacitor 
coupling. 


________ 
Design Examples 


Fourth-Order Chebyshev Bandpass Filtar 
Figure 22 shows 
both halves of a MAX260 cascaded 
to form a fourth-order 
Chebyshev 
bandpass filter. The 
desired 
parameters 
are: 


Center frequency 
(fol 
= 1 kHz 
Pass bandwidth 
= 200 Hz 
Stop Bandwidth 
= 600 Hz 
Max. passband 
ripple 
= 0.5 dB 
Min. stopband 
Attenuation 
= 15 dB 
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Figure 
23. MAX261 
Fourth-Order 
Chebyshev 
Bandpass 
Using 
Coefficients 
of Figure 
22.) 


From 
the 
above 
parameters, 
the 
order 
(number 
of 
poles), 
and 
the 
fa and 0 of each 
section 
can 
be 
determined. 
Such a derivation 
is beyond the scope of 
this data sheet, however there are a number of sources 
which 
provide 
design 
data for this procedure. 
These 
include 
look-up 
tables, 
design 
texts 
and 
computer 
programs. 
Design software 
is available from Maxim to 
provide 
comprehensive 
solutions 
for 
most 
popular 
filter configurations. 
The A and B section 
parameters 
for the above filter are: 


fOA = 904 Hz 
0A = 7.05 
fos = 1106 Hz 
Os = 7.05 
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To implement this filter, both halves operate in Mode 
1 and use the same clock. See selection Tables 2 and 
3. The programmed 
parameters are: 


CLKA = CLKB = 150 kHz 
fClK/foA = 166.50 (Mode 1, N=42), actual fOA= 902.4Hz 
fClK/foB = 136.66 (Mode 1, N=23), actual fOB= 1099.7Hz 
0A = 0B = 7.11(Mode 1, N=119) 


Sampling errors are very small at this fC!.lS/fOratio so 
the actual realized a is very close to 7.05 (See Figure 
20 or Filter Program MPP). Often the realized a will 
not be exactly 
the target value at high as because 
programming 
resolution 
lowers as a increases. This 
doesn't 
affect 
most 
filter 
designs, 
since 
3-digit 
a 
accuracy 
is practically 
never required, and a a reso- 
lution of 1 is provided up to as of 10.The overall filter 
gain at fo is 16.4VN or 24.3dB (See Cascading Filters 
section). 
If another gain is required, amplification 
or 


attenuation 
must be added at the input, output, 
or 


between stages. 


In Figure 23, a series of response curves are shown 
for 
the above configuration 
using 
a MAX261 with 


clock frequencies 
ranging from 750kHz to 4MHz (fo 


from 500Hz to 30kHz). Note that the rightmost 
curve 


shows about 2dB of gain peaking compared 
to the 


lower frequency 
curves, indicating 
the upper limit of 


usable filter accuracy at this a (See Table 1) 


Wide Passband Chebyshell Bandpass 


In this example (Figure 24) the desired parameters are: 


Center frequency 
(fo) 
= 1 kHz 
Pass bandwidth 
= 1 kHz 
Stop bandwidth 
= 3 kHz 
Max passband ripple 
= 1 dB 
Min stopband Attenuation 
= 20 dB 
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Figure 
25. 
High Frequency 
Chebyshev 
Bandpass 
Filter 
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From 
the 
above 
parameters, 
we use either 
lookup 


tables, design texts or Maxim's filter design programs 
to generate 
the order 
(number 
of poles), 
and the '0 


and 0 
of each second-order 
section. 
The A and B 
parameters 
are: 


fOA= 639 Hz 
fos = 1564 Hz 
0A=2m 
Os=2m 


To implement 
this filter, section 
A operates 
in Mode 1 


and section 
B uses Mode 2 to provide 
a wider overall 
range of fCLK/fo ratios. This way one clock frequency 
can drive both sections A and B. See selection 
Tables 


2 and 3. 


ClKA 
= ClKs 
= 120 kHz 


fCLK/foA= 188.49 (Mode 1, N=56), actual fOA= 636.6 Hz 
fCLK/fos = 76.64 (Mode 2, N=5), actual fos = 156.5 Hz 
0A = 2.000 (Mode 1, N=96), Os = 2.01 (Mode 2, N=83) 


The 
overall 
passband 
gain 
at fo will 
be 0.64VN 
or 


-3.9dB. 
High Frequency 
Chebyshetf Bandpass 


The same Chebyshev response shape shown in Figure 
24 is implemented 
at higherfrequencies 
with a MAX262 


in Figure 25. The curves show plots for center frequen- 
cies of 15.6kHz, 31.3kHz, and 47kHz. Not only is this 
faster than the MAX260 implementation 
but Mode 1 


can be used in both halves of the MAX262 for this filter 
because the range of available fCLK/fo ratios is wider 
with the MAX262 than the MAX260. 


Fourth-Order 
Butterworth 
LOllllpass 


Figure 26 shows a fourth-order 
Butterworth 
low pass 


with a cutoff 
frequency 
of 3kHz. Section 
A and B of a 


MAX260 are cascaded. 
The fo and 0 parameters 
for 


each section 
are: 


fOA= 3kHz 
fos = 3kHz 
0A = 1.307 
Os = 0.541 


Mode 1 and a 400kHz clock are used. Because of low 0 
values, the sampling 
errors of Figure 20 begin to look 


significant 
in this case. From the graphs, using fCLK/fo 


ratio near 133,foA will be about 4% high, foB will be 1.5% 
high. OA will be -1.2% low, and Os will be -0.5% low. If 
these errors are not a problem, the corrections 
can be 


ignored. 
They 
are included 
here for 
best 
possible 


accuracy: 


ClKA 
= ClKs 
= 400 kHz 
fCLK/foA = 135.08 (N=22), fo~ = 2961 Hz 
(-1.3% correction) 
fCLK/fos = 139.80 (N=25), fOA= 2861 Hz 


(-4.6% correction) 
0A = 1.306 (N=79, 0 resolution 
prevents 
+0.5% 


correction) 
Os = 0.547 (N=11, +1.1% correction) 


Measured wide band noise for this filter is 123tN 
RMS. 


If Mode 2 were used, the noise would 
be 87tN 
RMS. 


For lower 
noise 
with 
either 
Mode 
the 
first 
section 


should have the highest 0 (Section A in this example). 
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PART 
TEMP. 
RANGE 
PACKAGE' 
ACCURACY 


MAX261 BCNG 
DOCto +7DoC 
Plastic DIP 
2% 


MAX261AENG 
-4DoC to +85°C 
Plastic DIP 
1% 


MAX261BENG 
-4DoC to +85°C 
Plastic DIP 
2% 


MAX261ACWG 
DOCto +7DoC 
Wide SO 
1% 


MAX261BCWG 
DOCto +7DoC 
Wide SO 
2% 


MAX261AMRG 
-55°C to +125°C 
CERDIP 
1% 


MAX261BMRG 
-55°C to +125°C 
CERDIP 
2% 


MAX262ACNG 
DOCto +7DoC 
Plastic DIP 
1% 


MAX262BCNG 
DOCto +7DoC 
Plastic DIP 
2% 


MAX262AENG 
-4DoC to +85°C 
Plastic DIP 
1% 


MAX262BENG 
-4Do C to +85° C 
Plastic DIP 
2% 


MAX262ACWG 
DOCto +7DoC 
Wide SO 
1% 


MAX262BCWG 
DOCto +7DoC 
Wide SO 
2% 


MAX262AMRG 
-55°C to +125°C 
CERDIP 
1% 


MAX262BMRG 
-55°C to +125°C 
CERDIP 
2% 


N.C.(HPs) 


INs LPs BPs 


N.C.(OP IN) 


INA 


01 
'l 


0.199" 


(S.OS5mm) 


OSC OUT 


GNO 
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_______ 
General Description 


The MAX263/264 
and MAX267/268 
CMOS switched- 


capacitor 
active 
filters 
are 
designed 
for 
precision 
filtering 
applications. 
Center frequency, 
Q, and oper- 
ating 
mode are aI/ selected 
via pin-strapped 
inputs. 
The MAX263/264 
uses no external 
components 
for a 


variety 
of 
bandpass, 
lowpass, 
highpass, 
notch 
and 
aI/pass 
filters. 
The 
MAX267/268 
is 
dedicated 
to 
bandpass 
applications 
and includes 
an uncommitted 
op-amp. Two second-order 
filter sections are included 
in both devices. 


An 
input 
clock 
and 
a 5-bit 
programming 
input 
precisely 
set the filter 
center/corner 
frequency. 
Q is 
also 
programmed 
from 
0.5 
to 
64. 
Separate 
clock 


inputs 
for 
each 
filter 
half 
operate 
with 
either 
an 
external 
clock 
or a crystal. 


The MAX263 and 267 operate with center frequencies 
up to 57kHz while the MAX264 and 268 extend the fo 
range to 140kHz by employing 
lower fCLK/fo ratios. The 
MAX263/264 
is supplied 
in 28 pin wide DIP and small 


outline 
packages while the MAX267/268 is supplied 
in 


24 pin narrow DIP and wide SO packages. All devices 
are available 
in commercial, 
extended, 
and 
military 


temperature 
ranges. 


-- 
Applications 


Sonar and Avionics 
Instruments 


Anti-Aliasing 
Filters 


Digital 
Signal 
Processing 


Vibration 
and Audio 
Analysis 


Matched 
Tracking 
Filters 


• 
Filter 
Design Software 
Available 


• 
32-Step Center 
Frequency 
Control 


• 
128-Step Q Control 


• 
Independent 
Q and fo Programming 


• 
Guaranteed 
Clock to fo Ratio-1% 
(A grade) 


• 
75kHz fo Range (MAX264/268) 


• 
Single +5V and ±5V Operation 


PART 
TEMP. RANGE 
PACKAGE" 
ACCURACY 


MAX263ACPI 
O°C to +70°C 
Plastic DIP 
1% 


MAX263BCPI 
O°C to +70°C 
Plastic DIP 
2% 


MAX263AEPI 
-40°C 
to +85°C 
Plastic DIP 
1% 


MAX263BEPI 
-40°C 
to +85°C 
Plastic DIP 
2% 


MAX263ACWI 
O°C to +70°C 
Wide SO 
1% 


MAX263BCWI 
O°C to +70°C 
Wide SO 
2% 


MAX263AMJI 
-55°C to +125°C 
CERDIP 
1% 


MAX263BMJI 
-55°C 
to +125°C 
CERDIP 
2% 


MAX264ACPI 
O°C to +70°C 
Plastic DIP 
1% 


MAX264BCPI 
O°C to +70°C 
Plastic DIP 
2% 


(Ordering Informetlon 
continued 
on le.1 page.) 


• MAX2631264 
packages 
are 28-pin 
0.6" wide DIP and 28-pin 
0.3" wide 


SO (Small 
Outline). 


MAX2671268 packages 
are 24-pin 
0.3" wide DIP and 24-pin 
0.3" wide 


SO (Small 
Outline). 
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ABSOLUTE MAXIMUM RATINGS 


Total Supply 
Voltage 
(V' to V-) 
1SV 
Input 
Voltage. 
any pin 
V--0.3V 
to V'+0.3V 
Input 
Current. 
any pin 
±SOmA 
Power 
Dissipation 
Plastic 
DIP (derate 
8.33mW/oC 
above 
70°C) 
660mW 
CERDIP 
(derate 
12.SmWI"C 
above 
70°C) 
1000mW 
Wide 
SO (derate 
11.8mWI"C 
above 
70°C) 
944mW 


Operating 
Temperature 
MAX26XXCXX 
0° C to +70° C 


MAX26XXEXX 
.............•.......... 
-40°C 
to +8SoC 


MAX26XXMXX 
-SsoC to +12SoC 


Storage 
Temperature 
-6SoC to +160°C 


lead 
Temperature 
(Soldering. 
10 seconds) 
+300°C 


Stresses 
above 
those listed under 
"Absolute 
Maximum 
Ratings" may cause permanent 
damage 
to the device. 
These are stress ratings 
only, and 
functional 
operation 
of the device at these or any other conditions 
above 
those indicated 
in the operational 
sections 
of the specification 
is not 
implied. 
Exposure 
to absolute 
Maximum 
ratings conditions 
for extended 
periods 
may affect the device 
reliability. 


ELECTRICAL CHARACTERISTICS 
(V' = +Sv, V- = -SV. ClKA 
= ClKs 
= ± SV. 1.SMHz. ICLK/lo = 197.92 lor MAX263/67 
and 138.23 lor MAX264/68. 
Filter Mode 1. "1" = V' 


and "0" 
= V- on F and Q inputs. 
TA = +2SoC unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


10 Center 
Frequency 
Range 
See Table 1 


Maximum 
Clock 
Frequency 
See Table 1 


fCLK/lo Ratio 
Error 
(Note 
1) 
T A = T MIN to T MAX 
MAX26XA 
±0.2 
±1.0 
% 
MAX26XB 
±0.2 
±2.0 


fo Temperature 
Coefficient 
-S 
ppm/oC 


Q Accuracy 
(deviation 
from 
TA = T MIN to T MAX 
ideal continuous 
filter) 
Q = O.S to 16 
MAX26XA 
±1 
±6 
(Note 2) 
Q = O.S to 16 
MAX26XB 
±1 
±10 


Q = 32 
MAX26XA 
±2 
±10 
% 


Q = 32 
MAX26XB 
±2 
±1S 


Q = 64 
MAX26XA 
±4 
±1S 


Q = 64 
MAX26XB 
±4 
±22 


Q Temperature 
Coefficient 
±20 
ppm/oC 


DC lowpass 
Gain Accuracy 
MAX263/4A 
±0.1 
±0.2S 
dB 
MAX263/4B 
±0.1 
±O.S 


Gain Temperature 
Coefficient 
lowpass 
(at D.C.) 
-S 
ppm/oC 
Bandpass 
(at fo) 
+20 


Output 
Offset 
Voltage 
TA = T MIN to T MAX' 
Q = 4 


(Note 3) 
Mode 
1 
MAX263/67A 
±O.OS 
±0.20 


BP Output 
MAX263/67B 
±O.OS 
±0.30 


MAX264/68A 
±O.OS 
±0.20 


MAX264/68B 
±O.OS 
±0.30 


Mode 
1 
MAX263A 
±0.40 
±0.90 


lp,N 
Outputs 
MAX263B 
±0.80 
±1.60 


MAX264A 
±0.40 
±O.90 


MAX264B 
±0.80 
±1.60 
V 
Mode 3 
MAX263A 
±0.10 
±0.20 
Bp, HP Outputs 
MAX263B 
±0.10 
±0.30 


MAX264A 
±0.10 
±0.20 


MAX264B 
±0.10 
±0.30 


Mode 3 
MAX263A 
±0.50 
±1.oo 


lP 
Output 
MAX263B 
±0.90 
±1.60 


MAX264A 
±O.SO 
±1.oo 


MAX264B 
±0.90 
±1.60 


Offset 
Voltage 
Temperature 
fLK!\ 
= 100.53. Q = 4 
±0.7S 
mY/DC 
Coefficient 
A 
- 
MIN to T MAX 


Clock 
Feedthrough 
±4 
mV 


Crosstalk 
-70 
dB 


Wideband 
Noise 
(Note 4) 
Q = 1. 2nd-Order. 
lP/BP 
See Typ. Oper. Char. 


4th-Order 
lP 
90 
pVRMS 


4th-Order 
BP 
100 


Pin Programmable 
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ELECTRICAL CHARACTERISTICS 
(Continued) 


(V· = +5V, v· = -5V, ClKA 
= ClKs 
= ± 5V, 1.5MHz, fCLK/fO= 197.92 for MAX263/67 
and 138.23 for MAX264/68, 
Filter Mode 1, "1" = y+ 


and "0" = V- on F and 0 
inputs, 
TA = +25°C 
unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Harmonic 
Distortion 
at fo 
o = 4, V1N = 1.5Vpp 
-57 
dB 


Supply 
Voltage 
Range 
TA = TMIN to TMAX 
±2.37 
±5 
±6.3 
V 


Power 
Supply 
Current 
TA = T MIN to TMAX 
I MAX263/67 
14 
20 
mA 
(Note 5) 
MAX264/68 
14 
20 


Shutdown 
Supply 
Current 
00-06 
= all 0 
2.5 
mA 
(Note 5) 


fo, 0 
Programming 
Inputs 
TA = TMIN to T MAX' FD-F4, 00-06 
y+ -{).5 
High Threshold 
V 


low 
Threshold 
V-+0.5 


Clock 
Inputs 
TA = T MIN to TMAX' ClKA, 
ClKs 
High Threshold 
2.4 
V 


low 
Threshold 
0.8 


Input 
leakage 
Current 
TA = T MIN to T t,1M 
ClKs 
= V· or V 
10 
ClKA 
= V· or V- 
6 
60 
pA 


MO, Ml, 
FD-F4, 00-06 
= V· -{).5V or V· +0.5V 
20 
200 
MO, Ml, 
FO-F4, 00-06 
= V· or V- 
5 


INTERNAL 
AMPLIFIERS 


Output 
Signal 
Swing 
TA = T MIN to TMAX' 10kCl load 
±4.75 
V 


Output 
Short 
Circuit 
Current 
Source 
50 
mA 
Sink 
2 


Power 
Supply 
Rejection 
Ratio 
OHz to 10kHz 
-70 
dB 


Gain 
Bandwidth 
Product 
2.5 
MHz 


Slew Rate 
6 
Vips 


ELECTRICAL CHARACTERISTICS 
(for V± = ±2.5V ±5%) 


(V· = +2.37V, v· = -2.37V, ClKA 
= ClKs 
= ±2.5V 1MHz fCLK/fo = 197.92 for the MAX263/67 
and 138.23 for MAX264/68, 
Filter Mode 1, 


TA = +25°C 
unless 
otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


fo Center 
Frequency 
Range 
(Note 6) 


Maximum 
Clock 
Frequency 
(Note 6) 


fijK/fO 
Ratio 
Error 
0=8 
MAX26XA 
±0.1 
±1 
% 
( 
otes 1, 7) 
MAX26XB 
±0.1 
±2 
o Accuracy 
(deviation 
from 
0=8 


ideal continuous 
filter) 
fCLK/fo = 197.92 
MAX263/67A 
±2 
±5 
(Notes 
2, 7) 
MAX263/67B 
±2 
±10 
% 
fCLK/fo = 138.23 
MAX264/68A 
±2 
±5 


MAX264/68B 
±2 
±10 


Output 
Signal 
Swing 
All Outputs 
±2 
V 


Power 
Supply 
Current 
7 
mA 


Shutdown 
Current 
0.45 
mA 


Note 
1: 
feLK/fo accuracy 
is tested at 100.53, 103.67, 106.81, 113.1,125.66, 150.8, and 197.92 on the MAX263/67, 
and at 40.84, 43.98, 


47.12, 53.41, 65.97, 91.11, and 138.23 on the MAX264/68. 


Note 2: 
0 accuracy 
tested 
at 0 
= 0.5, 1, 2, 4, 8, 16, 32, and 64. 0 of 32 and 64 tested at 1/2 stated 
clock 
frequency. 


Note 3: 
The Offset 
Voltage is specified 
for the entire 
filter. Offset 
is virtually 
independent 
of 0 and fCLK/fo ratio setting. 
The test 


clock 
frequency 
for Mode 3 is 750kHz. 


Note 4: 
Output 
noise is measured 
with an RC output 
smoothing 
filter 
at 4 x fo to remove clock 
feedthrough. 


Note 5: 
TTl 
logic levels are: HIGH = 2.4V, lOW 
= 0.8Y. Power supply current 
is typically 
4mA higher with TTl 
clock 
input levels. 


Note 6: 
At ±2.5V 
supplies, 
the fo range and maximum 
clock 
frequency 
are typically 
75% of values listed 
in Table 1. 


Note 7: 
fCLK/fo and 0 accuracy 
are a function 
of the accuracy 
of internal 
capacitor 
ratios. 
No increase 
in error 
is expected 
at 
±2.5V 
as compared 
to ±5V however 
these parameters 
are only tested to the extent 
indicated 
by the MIN or MAX limits . 


..-"I;'I..-"J X 1..-"1;'1 
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Typical Operating 
Characteristics 


100 
vs POWER SUPPLY 
VOLTAGE 


±sv' 
, 
I 
I 
Q = 8 
MODE 3 
TA = 2SoC 


!cJJI-N=O 
10 


MODE 2 


~ 
I"- 
MODE 14 


1 


20 


16 


~ 
12 
'"0 
'"'"w 
0 
4 


0 


-4 


18 
CLOCK (SV, OV) 


±SV 
I 
I 
« 
17 
CONTROL 
PINS (SV, OV) 
.§. 
2SoC 
l 
o 
lS 
e 


0.2 


0.0 
l 


-0.2 


'" 
-0.4 
0 
'"'" 
-0.6 
w 
1 
-0.8 


-1.0 


-1.2 


I 
A 
MODE 2, 3 


1 
I 
I 
JOD~ 
1,14 
±SV 
' 
, 


Q = 8 
TA = 2SoC 


!cJJI-N=O 
10 
" " 


6 
l:l 10K 
;n 
Z 
~ 
lK 
o 
<l: 
!:.100 
~ 


Noise Spectral 
Distribution 
(MAX263/67, 
fCLK = 1 MHz, dB 
ref. to 2.47VRMS' 
7Vp-p) 
0=1 
0=8 
0=64 
Mode 
LP 
BP 
HP/AP/N 
LP 
BP 
HP/AP/N 
LP 
BP 
HP/AP/N 


1 
-84 
-90 
-84 
-80 
-82 
-85 
-72 
-73 
-85 
2 
-88 
-90 
-88 
-84 
-82 
-84 
-77 
-73 
-76 
3 
-84 
-90 
-88 
-80 
-82 
-82 
-73 
-73 
-74 
4 
-83 
-89 
-84 
-79 
-81 
-85 
-71 
-73 
-85 


Measurement 
0=1 
0=8 
0=64 
Bandwidth 


Wideband 
-84 
-80 
-72 


3kHz 
-87 
-87 
-86 


C Message 
-93 
-93 
-93 
Weighted 


Notes: 
1. 'CLK = 1MHz 
2. 'CLK/'o 
ratio programmed 
at N = 31 (see Table 
2) 
3. Clock leedthrough 
is removed 
with an RC lowpass at 410, i.e. R = 3.9kO, C = 2000pF lor 
MAX263. 


Pin Programmable 
Universal and Bandpass Filters 
__________________________ 
Pin Description 


MAX263 
MAX267 
MAX264 
MAX268 
PIN # 
PIN # 
NAME 
FUNCTION 


10 
8 
V 
Positive supply voltage 


18 
16 
V 
Negative supply voltage 


19 
17 
GND 
Analog Ground. 
Connect 
to the system ground 
for dual supply 
operation 
or mid-supply 
for single supply operation. 
GND should 
be well bypassed in single supply applications. 


13 
11 
CLK. 
Input to the oscillator 
and clock input to section A. This clock 
is 
internally 
divided 
by 2. 


14 
12 
CLK. 
Clock input to filter B. This clock is internally 
divided 
by 2. 


20 
18 
OSC OUT 
Connects 
to crystal for self clocked 
operation 


5,1 
5,1 
IN., IN. 
Filter inputs 


3,27 
2,24 
Be.., BP. 
Bandpass outputs 


2, 28 
LP., LP. 
Lowpass outputs 
(MAX263/264 
only) 


4,26 
HP., HP. 
Highpass/Notch/Allpass 
outputs 
(MAX263/264 
only) 


8,7 
MO, M1 
Mode select inputs (MAX267/268 are fixed in Mode 1) 


24,17, 23 
22,15,21 
FO-F4 
Clock/center 
frequency 
ratio (fcLK/fo) programming 
inputs 
12,11 
10,9 


15,16,21 
13,14,19 
00-06 
o programming 
inputs 
22, 25, 6 
20, 23, 6 
9 
7 


4 
OP IN 
Inverting 
input of uncommitted 
op-amp 
on MAX267/268 only. 


Noninverting 
input is internally 
connected 
to ground. 


3 
OP OUT 
Output 
of uncommitted 
op-amp on MAX267/268 only. 


Pin Programmable 
Universal and Bandpass Filters 


U 
FO-F4 
(TABLE 
2) 


Each 
MAX26X 
device 
contains 
two 
second-order 
filters. 
In 
Figure 
1, a block 
diagram 
of 
the 
state 


. variable topology 
employed 
in one filter section shows 
how 
on-chip 
switched 
capacitor 
networks 
provide 
adjustable 
feedback 
to control 
fa and Q. Shared pro- 
gramming 
inputs require that both halves of the filter 
be set for the same fCLK/foratio and Q. In the MAX263 
and MAX264 universal filters, switches S1-S3 are con- 
trolled 
by inputs MO and M1 to set the filter operating 
mode. The MAX267/68 
bandpass 
filter operates 
only 
in Mode 1. 


The 
MAX264/68 
uses 
a 
lower 
range 
of 
sampling 
(fCLK/fo) ratios 
than 
the 
MAX263/67 
to allow 
higher 
signal 
bandwidths 
and a wider 
programming 
range. 


The 
reduced 
fCLK/fo ratios 
result 
in somewhat 
more 
deviation 
from ideal continuous 
filter parameters 
than 
with 
the MAX263/67, 
however 
these differences 
can 
be compensated 
using 
Figure 
17 (See "Applications 
Hints") 
or Maxim's 
filter design software. 


The second-order 
sections 
in the 
MAX263/64/67/68 
are identical 
and may be used as matched dual track- 
ing filters, 
or can be cascaded 
to form 
higher-order 
filters. 
They 
can 
also 
be combined 
with 
external 


resistors 
and amplifiers 
for multiple 
feedback 
all-pole 
bandpass 
filters. 


In all MAX26X series filters, the internal sample rate is 
one half the input clock rate (CLK" or CLKs) due to 
an internal division by two. All clock related data, 
tables, and other discussions in this data sheet refer 
to the frequency at the CLK" or CLKs input, i.e. twice 
the internal 
sample rate, unless specifically 
stated 
otherwise. 
6-42 
_ 


MAX26X series filters, with Maxim's filter design soft- 
ware, greatly 
simplify 
the design procedure 
for many 
active filters. 
Most designs 
can be realized 
using the 
steps in this section. 
If the filter software 
is not used, 


or 
if the 
complexity 
is beyond 
the 
scope 
of 
this 
section, 
refer to the remainder 
of this data sheet for 
more detailed 
application 
information. 


Step 1-Filter 
Design 


Starting 
with 
the 
design 
program 
"PZ", 
determine 
what type of filter 
is needed. PZ helps determine 
the 
type (Butterworth, 
Chebyshev, 
etc.) and the number 
of poles for the optimum 
choice. 
The program 
also 
plots 
the 
frequency 
response 
and 
calculates 
the 
pole/zero 
(fa) and 
Q values 
for each 
second-order 
section. 
Each 
MAX26X 
contains 
two 
such 
sections 
and devices may be cascaded 
for higher order filters. 


An 
alternate 
technique 
for 
bandpass 
filters 
uses 
multiple 
feedback 
(see Figure 13). If this is employed, 


the filter design program 
"BP" should be used instead 
of PZ and Step 2 is not used. 


Step 2-Generate 
Programming 
Coefficients 


If multiple 
feedback 
is not used, start with the fa and 
Q values 
obtained 
with 
PZ in Step 
1 and 
use the 
program 
"MPP" to generate the digital 
program 
codes 
for fcLK/fo and Q. MPP displays "N" values for fa and Q 
where 
N is the decimal 
equivalent 
of the binary 
pin- 
program 
codes. These are listed in Tables 2 and 3. 


Pin Programmable 
Universal and Bandpass Filters 


An input clock and filter "Mode" must also be selected 
in this step, however, if a specific 
clock 
rate is not 
selected, "MPP" will pick one. With regard to mode 
selection, Mode 1 (only possible mode for MAX267/68) 
is the most convenient choice for most bandpass and 
lowpass filters except for elliptics which require Mode 
3. Highpass 
filters 
also use Mode 3, while 
allpass 


filters 
require 
Mode 4. For details 
regarding 
mode 


selection see "Filter Operating Modes". When a clock 
frequency 
(or frequencies) 
is selected and the pro- 
gramming 
codes for fClK/fo and a are determined, the 
filter can then be programmed 
and operated. 


Maxim provides software programs to help speed the 
transition 
from 
frequency 
response design 
require- 
ments to working 
hardware. A series of programs are 


available, including: 


Program PZ. Given the requirements, 
such as center 
frequency, A, passband ripple, and stopband attenua- 
tion, PZ will calculate the pole frequencies, a's, zeros, 
and the number of stages needed. 


Program MPP. For programmed filters, MPP computes 
the input codes to use and describes the expected 
performance 
of the design. 


Program BP. In the special case of bandpass filters, an 
alternate mode of operation is the "Multiple Feedback 
Technique". BP calculates the resistor values and the 
bandpass 
frequency 
response 
for 
this 
mode. 
An 


advantage 
of 
multiple 
feedback 
is that 
identical 


programming 
and one clock frequency 
can be used 


for all stages. 


Program FR. When a design of one or more stages is 
completed, 
FR checks the final cascaded assembly. 


The output frequency response can be compared with 
that expected from PZ. 


_______ 
Detailed Description 


fa and Q Programming 


Figure 2 shows a block diagram of a complete filter. 
Each 2nd-order filter section has its own clock input, 
however, package pin limitations require that fa, O. and 
Mode control 
be shared by both sections. The actual 


center frequency is a function of the filter's clock rate, 
5-bit 
fa control 
word 
(see Table 2), and operating 


Mode. 


For some filter 
designs. the 
MAX263/64/67/68 
may 


require separate clocks for each second-order 
section 


since separate programming 
inputs are not provided. 


Such 
designs 
may 
be implemented 
with 
different 


clock 
inputs, or, in the case of bandpass filters, 
by 


using multiple feedback and one clock (see "Descrip- 
tion of Filter Functions"). 
When implementing 
two or 


more 
matched 
filters, 
however, 
the 
programming 


restrictions 
are easily overcome 
and one clock 
can 


still be used as demonstrated 
by the design example 


in 
Figure 
21. Another 
alternative 
is to 
use 
the 


MAX260/2611262 microprocessor 
programmed 
filters 


or the MAX265/266 resistor programmed filters which 
allow independent programming 
of each filter section. 


Refer to the device data sheets for further details on 
those products. 


Pin Programmable 
Universal and Bandpass Filters 


PART 
Q 
MODE 
'ClK 
'0 
MAX2631 
1 
1 
4OHz-4.0MHz 
O.4Hz-40kHz 


267 
1 
2 
4OHz-4.0MHz 
O.5Hz-57kHz 
1 
3 
40Hz-4.0MHz 
O.4Hz-40kHz 
1 
4 
4OHz-4.0MHz 
O.4Hz-40kHz 


8 
1 
4OHz-2.7MHz 
O.4Hz-27kHz 
8 
2 
4OHz-2.1MHz 
O.5Hz-30kHz 
8 
3 
40Hz-1.7MHz 
O.4Hz-17kHz 
8 
4 
4OHz-2.7MHz 
O.4Hz-27kHz 


64 
1 
4OHz-2.0MHz 
O.4Hz-20kHz 
90 
2 
40Hz-1.2MHz 
O.4Hz-18kHz 
64 
3 
40Hz-1.2MHz 
O.4Hz-12kHz 
64 
4 
40Hz-2.0MHz 
O.4Hz-20kHz 


PART 
Q 
MODE 
'ClK 
'0 
MAX264 
1 
1 
40Hz-4.0MHz 
1.0Hz-1ookHz 


268 
1 
2 
4OHz-4.0MHz 
1.4Hz-140kHz 


1 
3 
40Hz-4.0MHz 
1.0Hz-1ookHz 


1 
4 
40Hz-4.0MHz 
100Hz-100kHz 


8 
1 
4OHz-2.5MHz 
1.0Hz-60kHz 


8 
2 
4OHz-1.4MHz 
1.4Hz-50kHz 


8 
3 
40Hz-1.4MHz 
1.0Hz-35kHz 
8 
4 
40Hz-2.5MHz 
1.0Hz-60kHz 


64 
1 
40Hz-1.5MHz 
1.0Hz-37kHz 


90 
2 
4OHz-{).9MHz 
1.4Hz-32kHz 
64 
3 
40Hz-O.9MHz 
1.0Hz-22kHz 
64 
4 
4OHz-105MHz 
1.0Hz-37kHz 


v- 


GND 
n 
OP 
IN 
OP 
OUT 
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lelK/1o RATIO 
PROGRAM 
CODE 


MAX263/67 
MAX264/68 


MODE 
1,3,4 
MODE 
2 
MODE 
1,3,4 
MODE 
2 
N 
F4 
F3 
F2 
F1 
FO 


100.53 
71.09 
40.84 
28.88 
0 
0 
0 
0 
0 
0 
103.67 
73.31 
43.98 
31.10 
1 
0 
0 
0 
0 
1 
106.81 
75.53 
47.12 
33.32 
2 
0 
0 
0 
1 
0 
109.96 
77.75 
50.27 
35.54 
3 
0 
0 
0 
1 
1 


113.10 
79.97 
53.41 
37.76 
4 
0 
0 
1 
0 
0 
116.24 
82.19 
56.55 
39.99 
5 
0 
0 
1 
0 
1 
119.38 
84.42 
59.69 
42.21 
6 
0 
0 
1 
1 
0 
122.52 
66.64 
62.83 
44.43 
7 
0 
0 
1 
1 
1 


125.66 
88.86 
65.97 
46.65 
8 
0 
1 
0 
0 
0 
128.81 
91.80 
69.12 
48.87 
9 
0 
1 
0 
0 
1 
131.95 
93.30 
72.26 
51.10 
10 
0 
1 
0 
1 
0 
135.08 
95.52 
75.40 
53.31 
11 
0 
1 
0 
1 
1 


138.23 
97.74 
78.53 
55.54 
12 
0 
1 
1 
0 
0 
141.37 
99.97 
81.68 
57.76 
13 
0 
1 
1 
0 
1 
144.51 
102.89 
84.82 
59.98 
14 
0 
1 
1 
1 
0 
147.65 
104.41 
87.96 
62.20 
15 
0 
1 
1 
1 
1 


150.80 
106.63 
91.11 
64.42 
16 
1 
0 
0 
0 
0 
153.98 
108.85 
94.25 
66.64 
17 
1 
0 
0 
0 
1 
157.08 
111.07 
97.39 
68.86 
18 
1 
0 
0 
1 
0 
160.22 
113.29 
100.53 
71.09 
19 
1 
0 
0 
1 
1 


163.36 
115.52 
102.67 
73.31 
20 
1 
0 
1 
0 
0 
166.50 
117.74 
106.81 
75.53 
21 
1 
0 
1 
0 
1 


169.65 
119.96 
109.96 
77.75 
22 
1 
0 
1 
1 
0 
172.79 
122.18 
113.10 
79.97 
23 
1 
0 
1 
1 
1 


175.93 
124.40 
116.24 
82.19 
24 
1 
1 
0 
0 
0 
179.07 
126.62 
119.38 
84.81 
25 
1 
1 
0 
0 
1 
182.21 
128.84 
122.52 
86.64 
26 
1 
1 
0 
1 
0 
185.35 
131.07 
125.66 
88.86 
27 
1 
1 
0 
1 
1 


188.49 
133.29 
128.81 
91.08 
28 
1 
1 
1 
0 
0 
191.64 
135.51 
131.95 
93.30 
29 
1 
1 
1 
0 
1 


194.78 
137.73 
135.09 
95.52 
30 
1 
1 
1 
1 
0 
197.92 
139.95 
138.23 
97.74 
31 
1 
1 
1 
1 
1 


Notes: 
1) For the 
MAX263/67, 
fCLK/fo= 1T(N+32) 
in Mode 
1, 3, and 
4, where 
N varies 
form 
0 to 31. 
2) 
For the 
MAX264/68, 
fcL.tfo = 1T(N+13) in Mode 
1, 3, and 
4, where 
N varies 
0 to 31. 


3) 
In Mode 
2, all fcL.tfo ratios 
are 
divided 
by ,,/2. 


Pin Programmable 
Universal and Bandpass Filters 
co 
Table 3. a Program Selection Table (Continued on following page) 
CD 


~I' 
CD 


~•• 
CD 


~e-) 
CD 


~i 


PROGRAMMED 
0 
PROGRAM CODE 


MODE 1,3,4 
MODE 2 
N 
06 
05 
04 
03 
02 
01 
00 


Note 
4 
Note 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0.504 
0.713 
1 
0 
0 
0 
0 
0 
0 
1 
0.508 
0.718 
2 
0 
0 
0 
0 
0 
1 
0 
0.512 
0.724 
3 
0 
0 
0 
0 
0 
1 
1 
0.516 
0.730 
4 
0 
0 
0 
0 
1 
0 
0 
0.520 
0.736 
5 
0 
0 
0 
0 
1 
0 
1 
0.525 
0.742 
6 
0 
0 
0 
0 
1 
1 
0 
0.529 
0.748 
7 
0 
0 
0 
0 
1 
1 
1 


0.533 
0754 
8 
0 
0 
0 
1 
0 
0 
0 
0.538 
0.761 
9 
0 
0 
0 
1 
0 
0 
1 
0.542 
0.767 
10 
0 
0 
0 
1 
0 
1 
0 
0.547 
0.774 
11 
0 
0 
0 
1 
0 
1 
1 
0.552 
0.780 
12 
0 
0 
0 
1 
1 
0 
0 
0.556 
0.787 
13 
0 
0 
0 
1 
1 
0 
1 
0.561 
0.794 
14 
0 
0 
0 
1 
1 
1 
0 
0.566 
0.801 
15 
0 
0 
0 
1 
1 
1 
1 


0.571 
0.808 
16 
0 
0 
1 
0 
0 
0 
0 
0.577 
0815 
17 
0 
0 
1 
0 
0 
0 
1 
0.582 
0.823 
18 
0 
0 
1 
0 
0 
1 
0 
0.587 
0.830 
19 
0 
0 
1 
0 
0 
1 
1 
0.593 
0.838 
20 
0 
0 
1 
0 
1 
0 
0 
0.598 
0.846 
21 
0 
0 
1 
0 
1 
0 
1 
0.604 
0.854 
22 
0 
0 
1 
0 
1 
1 
0 
0.609 
0.862 
23 
0 
0 
1 
0 
1 
1 
1 


0.615 
0.870 
24 
0 
0 
1 
1 
0 
0 
0 
0.621 
0.879 
25 
0 
0 
1 
1 
0 
0 
1 
0.627 
0.887 
26 
0 
0 
1 
1 
0 
1 
0 
0.634 
0.896 
27 
0 
0 
1 
1 
0 
1 
1 
0.640 
0905 
28 
0 
0 
1 
1 
1 
0 
0 
0.646 
0.914 
29 
0 
0 
1 
1 
1 
0 
1 
0.653 
0.924 
30 
0 
0 
1 
1 
1 
1 
0 
0.660 
0.933 
31 
0 
0 
1 
1 
1 
1 
1 


0.667 
0.943 
32 
0 
1 
0 
0 
0 
0 
0 
0.674 
0.953 
33 
0 
1 
0 
0 
0 
0 
1 
0.681 
0.963 
34 
0 
1 
0 
0 
0 
1 
0 
0.688 
0.973 
35 
0 
1 
0 
0 
0 
1 
1 
0.696 
0.984 
36 
0 
1 
0 
0 
1 
0 
0 
0703 
0.995 
37 
0 
1 
0 
0 
1 
0 
1 
0.711 
1.01 
38 
0 
1 
0 
0 
1 
1 
0 
0.719 
1.02 
39 
0 
1 
0 
0 
1 
1 
1 


0.727 
1.03 
40 
0 
1 
0 
1 
0 
0 
0 
0.736 
1.04 
41 
0 
1 
0 
1 
0 
0 
1 
0.744 
1.05 
42 
0 
1 
0 
1 
0 
1 
0 
0.753 
1.06 
43 
0 
1 
0 
1 
0 
1 
1 
0.762 
1.08 
44 
0 
1 
0 
1 
1 
0 
0 
0.771 
1.09 
45 
0 
1 
0 
1 
1 
0 
1 
0.780 
1.10 
46 
0 
1 
0 
1 
1 
1 
0 
0.790 
1.12 
47 
0 
1 
0 
1 
1 
1 
1 


PROGRAMMED 
0 
PROGRAM CODE 


MODE 1,3,4 
MODE 2 
N 
06 
05 
04 
03 
02 
01 
00 


0.800 
1.13 
48 
0 
1 
1 
0 
0 
0 
0 
0.810 
1.15 
49 
0 
1 
1 
0 
0 
0 
1 
0.821 
1.16 
50 
0 
1 
1 
0 
0 
1 
0 
0.831 
1.18 
51 
0 
1 
1 
0 
0 
1 
1 
0.842 
1.19 
52 
0 
1 
1 
0 
1 
0 
0 
0.853 
1.21 
53 
0 
1 
1 
0 
1 
0 
1 
0.865 
1.22 
54 
0 
1 
1 
0 
1 
1 
0 
0.877 
1.24 
55 
0 
1 
1 
0 
1 
1 
1 


0.889 
1.26 
56 
0 
1 
1 
1 
0 
0 
0 
0.901 
1.27 
57 
0 
1 
1 
1 
0 
0 
1 
0.914 
1.29 
58 
0 
1 
1 
1 
0 
1 
0 
0.928 
1.31 
59 
0 
1 
1 
1 
0 
1 
1 
0.941 
1.33 
60 
0 
1 
1 
1 
1 
0 
0 
0.955 
1.35 
61 
0 
1 
1 
1 
1 
0 
1 
0.969 
1.37 
62 
0 
1 
1 
1 
1 
1 
0 
0.985 
1.39 
63 
0 
1 
1 
1 
1 
1 
1 


1.00 
1.41 
64 
1 
0 
0 
0 
0 
0 
0 
1.02 
1.44 
65 
1 
0 
0 
0 
0 
0 
1 
1.03 
1.46 
66 
1 
0 
0 
0 
0 
1 
0 
1.05 
1.48 
67 
1 
0 
0 
0 
0 
1 
1 
1.07 
1.51 
68 
1 
0 
0 
0 
1 
0 
0 
1.08 
1.53 
69 
1 
0 
0 
0 
1 
0 
1 
1.10 
1.56 
70 
1 
0 
0 
0 
1 
1 
0 
1.12 
1.59 
71 
1 
0 
0 
0 
1 
1 
1 


1.14 
1.62 
72 
1 
0 
0 
1 
0 
0 
0 
1.16 
1.65 
73 
1 
0 
0 
1 
0 
0 
1 
1.19 
1.68 
74 
1 
0 
0 
1 
0 
1 
0 
1.21 
1.71 
75 
1 
0 
0 
1 
0 
1 
1 
1.23 
1.74 
76 
1 
0 
0 
1 
1 
0 
0 
1.25 
1.77 
77 
1 
0 
0 
1 
1 
0 
1 
1.26 
1.81 
78 
1 
0 
0 
1 
1 
1 
0 
1.31 
1.85 
79 
1 
0 
0 
1 
1 
1 
1 


1.33 
1.89 
80 
1 
0 
1 
0 
0 
0 
0 
1.36 
1.93 
81 
1 
0 
1 
0 
0 
0 
1 
1.39 
1.97 
82 
1 
0 
1 
0 
0 
1 
0 
1.42 
2.01 
83 
1 
0 
1 
0 
0 
1 
1 
1.45 
2.06 
84 
1 
0 
1 
0 
1 
0 
0 
1.49 
2.10 
85 
1 
0 
1 
0 
1 
0 
1 
1.52 
2.16 
86 
1 
0 
1 
0 
1 
1 
0 
1.56 
2.21 
87 
1 
0 
1 
0 
1 
1 
1 


1.60 
2.26 
88 
1 
0 
1 
1 
0 
0 
0 
1.64 
2.32 
89 
1 
0 
1 
1 
0 
0 
1 
1.68 
2.40 
90 
1 
0 
1 
1 
0 
1 
0 
1.73 
2.45 
91 
1 
0 
1 
1 
0 
1 
1 
1.78 
2.51 
92 
1 
0 
1 
1 
1 
0 
0 
1.83 
2.59 
93 
1 
0 
1 
1 
1 
0 
1 
1.88 
2.66 
94 
1 
0 
1 
1 
1 
1 
0 
1.94 
2.74 
95 
1 
0 
1 
1 
1 
1 
1 


Pin Programmable 
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PROGRAMMED 
0 
PROGRAM 
CODE 


MODE 
1,3,4 
MODE 
2 
N 
06 
05 
04 
03 
02 
01 
00 


2.00 
2.83 
96 
1 
1 
0 
0 
0 
0 
0 
2.06 
2.92 
97 
1 
1 
0 
0 
0 
0 
1 
2.13 
3.02 
98 
1 
1 
0 
0 
0 
1 
0 
2.21 
3.12 
99 
1 
1 
0 
0 
0 
1 
1 
2.29 
3.23 
100 
1 
1 
0 
0 
1 
0 
0 
2.37 
3.35 
101 
1 
1 
0 
0 
1 
0 
1 


2.46 
3.48 
102 
1 
1 
0 
0 
1 
1 
0 
2.56 
3.62 
103 
1 
1 
0 
0 
1 
1 
1 


2.67 
3.77 
104 
1 
1 
0 
1 
0 
0 
0 
2.78 
3.96 
105 
1 
1 
0 
1 
0 
0 
1 


2.91 
4.11 
106 
1 
1 
0 
1 
0 
1 
0 
3.05 
4.31 
107 
1 
1 
0 
1 
0 
1 
1 
3.20 
4.53 
108 
1 
1 
0 
1 
1 
0 
0 


3.37 
4.76 
109 
1 
1 
0 
1 
1 
0 
1 
3.56 
5.03 
110 
1 
1 
0 
1 
1 
1 
0 
3.76 
5.32 
111 
1 
1 
0 
1 
1 
1 
1 


PROGRAMMED 
0 
PROGRAM 
CODE 


MODE 
1,3,4 
MODE 
2 
N 
06 
05 
04 
03 
02 
01 
00 


4.00 
5.66 
112 
1 
1 
1 
0 
0 
0 
0 


4.27 
6.03 
113 
1 
1 
1 
0 
0 
0 
1 


4.57 
6.46 
114 
1 
1 
1 
0 
0 
1 
0 


4.92 
6.96 
115 
1 
1 
1 
0 
0 
1 
1 


5.33 
7.54 
116 
1 
1 
1 
0 
1 
0 
0 


5.82 
8.23 
117 
1 
1 
1 
0 
1 
0 
1 


6.40 
9.05 
118 
1 
1 
1 
0 
1 
1 
0 


7.11 
10.1 
119 
1 
1 
1 
0 
1 
1 
1 


8.00 
11.3 
120 
1 
1 
1 
1 
0 
0 
0 


9.14 
12.9 
121 
1 
1 
1 
1 
0 
0 
1 


10.7 
15.1 
122 
1 
1 
1 
1 
0 
1 
0 


12.8 
18.1 
123 
1 
1 
1 
1 
0 
1 
1 


16.0 
22.6 
124 
1 
1 
1 
1 
1 
0 
0 


21.3 
30.2 
125 
1 
1 
1 
1 
1 
0 
1 


32.0 
45.3 
126 
1 
1 
1 
1 
1 
1 
0 


64.0 
90.5 
127 
1 
1 
1 
1 
1 
1 
1 


Notes: 
5) In Modes 
1, 3, and 4: Q = 64/(128-N) 
6) In Mode 2, the listed Q values are those of Mode 
1 multiplied 
by ../2. Then 
Q = 9O.51/(128-N) 


osc 
OUT 


N.C. 


Oscillator and Clock Inputs 


The 
clock 
circuitry 
of 
the 
MAX263/64/67/68 
can 
operate with a crystal or an external clock generator 
as shown in Figure 3. The duty cycle of the clock at 
ClKA 
and ClKs 
is unimportant 
because the input is 
internally 
divided 
by two to generate the sampling 
clock 
for each filter section. 
It is important 
to note 
that this internal division also halves the sample rate 
when considering 
aliasing and other sampled system 
phenomenon. 


Shutdown Mode 


The filter enters a shutdown 
mode when all Q inputs, 


QO-Q6, are tied low. When shut down, power con- 
sumption with ±5V supplies typically 
drops to 25mW. 


When reactivating the filter after shutdown, allow 2ms 
to return to full operation. 


Filter 
Operating 
Modes 
_____ 
(MAX263/264 
Only} 


The MAX263/264's filter sections can be configured 
6 


in four basic "Modes" 
as selected by inputs MO and 


M1 (see Table 4). The MAX267/68 operates only in 
Mode 1. A fifth mode, 3A, uses an external op amp 
and resistors but is selected the same way and uses 
the same internal configuration 
as Mode 3. 


Figures 4 through 8 show symbolic representations 
of 


the MAX263/64 filter modes. Only one second-order 
section is shown in each case, however the fo, Q, and 
Mode select inputs are common to both halves of the 
IC. The fo, fN (notch), Q, and various output gains for 
each mode are shown in Table 4. 


Filter Mode Selection 


All operating modes listed in this section can be used 
with the MAX263/64. The MAX267/28 bandpass filter 
operates only in Mode 1. 


MODE 1 (Figure 4) is useful when implementing 
all- 


pole lowpass and bandpass filters such as Butterworth, 
Chebyshev, Bessel, etc .. It can also be used for notch 
filters, 
but only second-order 
notches 
because the 


relative 
pole 
and zero 
locations 
are fixed. 
Higher 


order notch filters require more latitude in fo and fN, 
which is why they are more easily implemented 
with 


Mode 3A. 
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Universal and Bandpass Filters 


FILTER 
HON, 
HON' 
MODE 
M1, MO 
FUNCTIONS 
10 
a 
IN 
HOlP 
HOBP 
(1- 
0) 
(I - 
IclK/4) 
OTHER 


1 
0,0 
Lp, Bp, N 
10 
-1 
-0 
-1 
-1 


2 
0,1 
Lp, Bp, N 
N 
C') 
10V2 
-0.5 
-0/V2 
-0.5 
-1 
W 
W 
3 
1,0 
Lp, Bp, HP 
-I 
-I 
-1 
-0 
HoHP = -1 
lZl 
lZl 


3A 
1,0 
Lp, Bp, HP, N 
~ 
~ 
10~ 
-1 
-0 
RG 
RG 
HoHP = -1 
+- 
+- 


W 
W 
Rl 
RL 
RH 
W 
W 
III 
III 
HOAP= -1 
4 
1,1 
Lp, Bp, AP 
-2 
-20 
Iz = fo, Oz = 0 


Noles: 
fo = Center 
Frequency 


fN = Notch 
Frequency 
HolP 
= Lowpass 
Gain at DC 
HOBP = Bandpass 
Gain at fo 


HoHP = Highpass 
Gain as f approaches 
fClK/4 


Mode 1, along 
with 
Mode 4, supports 
the highest 


clock 
frequencies 
(see Table 1) because the input 


summing amplifier is outside the filter's resonant loop 
(Figure 4). The gain of the lowpass and notch outputs 
is 1, while the bandpass gain at the center frequency 
is Q. For bandpass gains other than Q, the filter input 
or output 
can 
be scaled 
by a resistive divider 
or 


op amp. In multiple feedback filters, the gain is set by 
the feedback resistors. 


Figure 
4. Filter 
Mode 
1: Second-Order 
Bandpass, 


Lowpass 
and Notch 


MODE 2 (Figure 5) is used for all-pole lowpass and 
bandpass filters. Key advantages compared to Mode 
1 are higher 
available Qs (see Table 3) and low~ 


output noise. Mode 2's available f~LK/fo ratios are y2 
less than with Mode 1 (see Table 2) so a wider overall 
range of fos can be selected from a single clock when 
both modes are used together. 


MODE 3 (Figure 6) is the only mode which produces 
high-pass 
filters. The maximum 
clock 
frequency 
is 


somewhat less than with Mode 1 (see Table 1). 


MODE 
3A (Figure 
7) 
uses a separate op amp to 


sum the highpass and lowpass outputs 
of Mode 3. 


HON1 = Notch 
Gain as f approaches 
DC 
HON2 = Notch 
Gain as f approaches 
fClK/4 
HOAP= Allpass 
Gain 
fz, Oz = f and 0 of Complex 
Pole Pair 


creating a separate notch output. This output allows 
the notch to be set independently 
of fo by adjusting 
the op amp's feedback resistor ratio (RH• Rd. 
RH• RL• 


and R(3 are external resistors. Because the notch can 
be independently 
set. Mode 3A is also useful when 
designing pole-zero filters such as elliptics. 


Figure 
5. Filter 
Mode 
2: Second-Order 
Bandpass, 


Lowpass 
and Notch 


Figure 6. Filter 
Mode 3: Second-Order 
Bandpass, 


Lowpass 
and Highpass 


Pin Programmable 
Universal and Bandpass Filters 


Figure 
Z 
Filter Mode 3A: Second-Order 
Bandpass, 


Lowpass, 
Highpass 
and Notch. 
For elliptic 
Lp, 
Bp, HP and Notch, 
the N output 
is used. 


MODE 4 (Figure 8) is the only mode that provides an 
allpass output. This is useful when implementing 
group 
delay equalization. 
In addition 
to this, Mode 4 can also 
be used 
in all 
pole 
lowpass 
and 
bandpass 
filters. 


Along with Mode 1, it is the fastest operating 
mode for 
the filter, although 
the gains are different than in Mode 
1. When the allpass function 
is used, note that some 
amplitude 
peaking occurs 
(approximately 
0.3dB when 
o = 8) at fo. Also note that !o and 0 sampling 
errors 
are highest 
in Mode 4 (see Figure 17). 


Figure 8. Filter Mode 4: Second-Order 
Bandpass, 


Lowpass 
and AI/pass 


__ 
Description of Filter Functions 


The MAX263/64 
performs 
all filter functions 
listed in 
this 
section. 
The 
MAX267/68 
operates 
only 
as a 
bandpass 
filter. 


"""""'I"""JX 1"""""'1 


BANDPASS 
(Figure 9) 


For all pole bandpass and lowpass filters (Butterworth, 
Bessel, Chebyshev) 
use Mode 1 if possible. 
If appro- 


priate fClK/fo or 0 values are not available 
in Mode 1, 


Mode 2 may provide 
a selection 
that is closer to the 


required 
values. 
Mode 
1 however 
has the 
highest 


bandwidth 
(see Table 1). For pole-zero 
filters such as 


elliptics 
see Mode 3A. 


G(s) - H 
s(wc!O) 


- 
OSP S2 + s(wc!O) 
+ wo2 


Hosp = Bandpass 
output 
gain at w = Wo 


fo = 
Wc!21T 
= The center frequency 
of the complex 


pole pair. Input-output 
phase shift is -180° at 


fo· 


o = 
The quality 
factor 
of the complex 
pole pair. 


Also the ratio of fo to -3dB 
bandwidth 
of the 


second-order 
bandpass 
response. 


LOWPASS See Bandpass 
text. (Figure 
10) 


w 
2 


G(s) - H 
0 
- 
OlP S2 + s(wc!O) 
+ wo2 


HolP = Lowpass output 
gain at DC 


fo = 
wol21T 


HIGHPASS 
(Figure 
11) 


Mode 3 is the only 
mode with a highpass 
output. 
It 


will work for all pole filter types such as Butterworth, 
Bessel and Chebyshev. 
Use mode 3A for filters 
em- 


ploying 
both poles and zeros such as elliptics. 


G(s) - H 
S2 
- 
OHPS2 + s(wc!O) 
+ wo2 


HOHP = Highpass 
output 
gain as f approaches 
fclK/4 


fo = 
wol21T 


fL = fa [~+ J 12k12 +~ 


fH = fa [2~ 
+ J 12k12 + ,] 


III 
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HOp 


- 
HOlP 
~-0.707 
HOlP 


fp : fa 
) 
1 - 2ih 


1 


1 r:-1 
oV1-;jQI 


fp 


f(lOG 
SCALE) 


fe : fox 
[J 
(1 _ 2ihl + J (1 _ 2ihl' + 1 
]-' 


fP:fox[Nl' 


NOTCH 
(Figure 
12) 


Mode 3A is recommended 
for multi-pole 
notch filters. 
In 2nd order 
filters, 
Mode 
1 can also be used. The 


advantages of Mode 1 are higher bandwidth 
compared 


to mode 3 (Higher 
fN can be implemented) 
and no 


need for external 
components 
as required 
in Mode 


3A. 


S2 + W 
2 


G(S) - H 
n 


- 
ON2 S2 + s(wolO) + w02 


HON2 = Notch output 
gain as f approaches 
fClK/4 


HON1 
= Notch output 
gain as f approaches 
DC 


fn = 
Wn/27T 


HON' 


HON' 
[ 


Z 
:;;; 
Cl 


HON 


fN 


f(lOG 
SCALE) 


ALL PASS 


Mode 4 is the only configuration 
in which 
an all pass 
function 
can be realized. 


_ H 
S2 - s(wolO) 
+ w02 


G(s) - 
OAP S2 + s(wolO) 
+ w02 


HOAP = All pass output 
gain for DC < f < fClK/4 


fo = 
WrJ27T 


_____ 
Filter Design Procedure 


The procedure 
for most filter designs is to first convert 
the required 
frequency 
response specifications 
to fos 
and Os for the appropriate 
number 
of second-order 
sections 
that implement 
the filter. This can be done 
by using design equations 
or tables in available 
liter- 
ature, or can be conveniently 
calculated 
using Maxim's 
filter design software. 
Once the fo and Os have been 
found, 
the next step is to turn 
them 
into the digital 
program 
coefficients 
required 
by the filter. 
An oper- 


ating 
Mode 
and 
clock 
frequency 
(or 
clock/center 
frequency 
ratio) must also be selected. 


Next, 
if the sample 
rate (fCLK/2) 
is low 
enough 
to 
cause significant 
errors, the selected fos and Os should 
be corrected 
to account 
for sampling 
effects by using 
Figure 17 or Maxim's design software. 
In most cases, 


the sampling 
errors 
are small enough 
to require 
no 
correction, 
i.e. less than 
1%. In any 
case, with 
or 


without 
correction, 
the required 
fQs and Os can then 
be selected from Tables 2 and 3. Maxim's filter design 
software 
can also perform 
this last step. The desired 
fos and 
Os are stated, 
and 
the 
appropriate 
digital 
coefficients 
are supplied. 
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Multiple 
Feedback 
Bandpass 
Filters 


An 
alternate 
implementation 
of 
all-pole 
bandpass 
filters 
(i.e. 
Butterworth, 
Chebyshev) 
requires 
only 
one clock 
and common 
programming 
for all second- 
order 
sections. 
This 
can 
be 
useful 
with 
MAX26X 
pin-programmed 
filters 
since 
the two 
second-order 
halves 
must 
be programmed 
with 
the same fCLK/fo 
ratio and Q (although 
they may use different 
clocks). 


As shown 
in Figure 
13, external 
resistors 
connect 
the outputs 
of cascaded 
filter sections 
to a summing 
op-amp 
at the input. 
Since 
each 2nd-order 
section 


inverts (gain = -Q) the output from odd numbered sec- 
tions 
(except 
for the first) 
must 
be inverted 
before 
being 
fed 
back 
as 
in 
the 
8th-order 
example 
in 
Figure 
13. The MAX267/68 
has an on-chip 
amplifier 


for this purpose 
but the MAX263/64 
requires external 
op-amp(s). 


In multiple 
feedback 
filters, the bandpass 
response 
is 
a function 
of the clock, fG-LK/foratio, Q, and feedback 
resistor 
ratios. 
In Table 
5, constants 
for calculating 
resistor 
ratios 
in common 
bandpass 
configurations 
are listed. 
Maxim's 
filter 
design 
program 
"BP" 
also 
selects 
resistors 
for 
multiple 
feedback 
bandpass 
designs. 
A 4th-order 
design example 
(Figure 
13) best 
illustrates 
how Table 5 is used. 


Multiple 
Feedback 
Example 


Requirements: 
4th-order 
Chebyshev 
with 1 dB pass- 
band ripple, fo = 10kHz, and bandwidth 
(BW) = 2kHz. 


1) The overall filter Q is QF = folBW = 10kHz/2kHz 
= 5 


Table 5. Multiple Feedback Bandpass Filter Constants 


2) From Table 5: KQ = 1.8219 


3) The Q of each 2nd-order 
selection 
is QR = QF X KQ 
= 5 x 1.8219 = 9.09 


4) RF is selected, 
10kO is a convenient 
value. 


5) R2 = K2RF(QR/2)2 
= 1.5039 
x 
10k 
X 
(9.109/2)2 


= 312k 
In higher 
order filters, 
the general 
equation 
is: 


RN = KNRF(QR/2)N 


6) Ro sets the overall gain, A: Ro = KoRF(QR/2)2/A, 
so 


for a gain of 1: Ro = 1.0930 x 10k x (9.109/2)2/1 
= 226.8k. In higher order filters the general equation 
is Ro = KoRF(QR/2)M 
where 
M = (order 
of filter)/2. 


7) The 
filter 
fo can 
be programmed 
using 
a wide 


range 
of clock 
frequencies 
and fCLK/fo ratios. 
If 


fCJ•.K = 1MHz, then 
fCL~/fo = 100 (code 
00000 = 


10U.53) results in fo = 10kHz. 


8) A 2.5pF to 10pF capacitor 
may be required 
across 


R2 to prevent 
response 
peaking. 


Cascading 
Filters 


In some 
designs, 
such 
as very 
narrow 
band filters, 


several 
second-order 
sections 
with 
identical 
center 


frequency 
may be cascaded 
without 
multiple 
feed- 


back. The total Q of the resultant 
filter 
is: 


Total QT = 
Q 


V(21/N-l) 


Q is the Q of each individual 
filter section, 
and N is 


the number 
of sections. 
In Table 5, the total 
Q and 


TYPE (RIPPLE) 
ORDER 
KO 
K2 
K3 
K4 
KQ 


Butterworth 
4 
2.0000 
4.0000 
1.4142 


(3.0 dB) 
6 
2.3704 
2.6667 
9.1429 
1.5000 


8 
2.9142 
2.000 
5.8284 
14.315 
1.5307 


Chebyshev 
4 
1.6983 
2.9512 
0.8430 
(0.1 dB) 
6 
1.3183 
1.2137 
4.5125 
1.5473 


8 
0.7986 
0.5782 
1.8809 
2.0343 
2.2176 


Chebyshev 
4 
1.5757 
2.5998 
1.0378 
(0.2 dB) 
6 
1.1128 
0.9894 
3.7271 
1.8413 


8 
0.5891 
0.4551 
1.4954 
1.3309 
2.6057 


Chebyshev 
4 
1.3405 
2.0161 
1.4029 
(0.5 dB) 
6 
0.8143 
06897 
2.6447 
2.3944 


8 
03389 
03040 
1.0114 
0.6365 
3.3406 


Chebyshev 
4 
10930 
1.5039 
1.8219 
(1.0 dB) 
6 
0.5822 
0.4756 
1.8475 
3.0354 


8 
0.1869 
0.2038 
0.6840 
0.3002 
4.1981 


Chebyshev 
4 
0.9192 
1.1934 
2.1688 
(1.5 dB) 
6 
0.4515 
0.3616 
1.4145 
3.5705 


Chebyshev 
4 
0.7850 
0.9767 
2.4881 
(2.0 dB) 
6 
0.3641 
0.2878 
1.1308 
4.0660 


Chebyshev 
4 
0.6769 
0.8148 
2.7962 
(2.5 dB) 
6 
0.3005 
0.2353 
0.9275 
4.5462 


Chebyshev 
4 
0.5875 
0.6886 
3.1013 
(3.0 dB) 
6 
0.2519 
0.1959 
0.7739 
5.0231 
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Total Sections 
Total B.W. 
Total Q 


1 
1.000 B 
1.00 Q 


2 
0.644 B 
1.55 Q 


3 
0.510 B 
1.96 Q 


4 
0.435 B 
2.30 Q 


5 
0.386 B 
2.60 Q 


Note: B; 
individual stage bandwidth, Q ; individual stage Q. 


bandwidth 
are listed for up to five identical 
second- 


order sections. 
B is the bandwidth 
of each section. 


In high order bandpass filters that do not use multiple 
feedback, 
stages with different 
fos and Qs may also 


be cascaded. 
When 
this 
happens 
the 
overall 
filter 


gain at the bandpass 
center 
frequency 
is not simply 


the product 
of the individual 
gains 
because 
fos, the 


frequency 
where 
each section's 
gain is specified, 
is 


different 
for each second-order 
section. 
The gain of 


each section at the cascaded filter's center frequency 
must be determined 
to obtain 
the total gain. 


For all-pole filters the gain, H(lo), at each second-order 
section's 
fo is divided 
by an adjustment 
factor, 
G, to 
obtain that section's gain, H(loBP)' at the overall center 
frequency: 


H,(foBP) = H(fo,)/G, 
= Section 
1's Gain at 10BP 


Q,[(Fl- 
1)2 + (F,/Q,)2]'h 


G, = --------- 
F, 


where 
F, = f01/foBP 


G" 
Q" 
and f01 are the gain adjustment 
factor, Q, and 
!o for the first of the cascaded 
second-order 
sections. 


The gain 
01 the other 
sections 
(2, 3 etc.) at 10BPis 
determined 
the same way. The overall gain is: 


H(foBP) = H, (fOBP)x H2(foBP) x etc. 


For cascaded 
filters with zeros (fz) such as elliptics, 


the gain adjustment 
factor 
for each stage is: 


Q,[FZ,2 
- F,2] [(F,2 - 1)2 + (F,/Q,J2]'h 
G, = -------------- 


F,2(Fz,2 - 1) 


where 
Fz, = fz,/foBP, and F, is the same as above. 


#, 
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8TH-ORDER 
MULTIPLE 
FEEDBACK 
BANDPASS 


NOTE: 
IN MULTIPLE 
FEEDBACK 
FILTERS, ALL 
2ND-ORDER 
SECTIONS 
USE THE SAME 
ICLK, ICLK/fo RATIO, AN D a. 
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Applicstion Hints 


Powe, Supplies 


The MAX263/64/67/68 
can be operated 
with a variety 
of power supply configurations 
including 
+5V to +12V 
single supply, or ±2.5V to ±6V dual supplies. 
When a 
single 
supply 
is used, 
V- is connected 
to 
system 
ground 
and the filter's 
GND pin should 
be biased at 
Y+I2. 
The 
input 
signal 
is then 
either 
capacitively 
coupled 
to the filter input or biased to Y+12. Figure 14 
shows circuit connections 
for single supply operation. 


Power consumption 
at ±5Y 
is reduced 
if ClKA 
and 
ClKs 
are driven with ±5V, rather than TTl 
or 0 to 5V 


levels. 
Operation 
with 
+5Y or ±2.5Y 
power 
lowers 
power 
consumption 
but also reduces 
bandwidth 
by 
approximately 
25% compared to +12V or ±5V supplies. 


Best performance 
is achieved if V+ and V- are bypassed 
to ground 
with 
4.7pF electrolytic 
(Tantalum 
is pre- 
ferred.) 
and O.1pF ceramic 
capacitors. 
These should 
be located 
as close to the supply 
pins as possible. 


The lead length 
of the bypass capacitors 
should 
be 
shortest 
at the V+ and Y- pins. When using a single 
supply 
V+ and 
GND 
should 
be bypassed 
to Y- as 
shown 
in Figure 
14. 
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Output Swing and Clipping 


MAX26X 
outputs 
are designed 
to 
swing 
to 
within 


O.15V of each supply 
rail with a 10kO load. 


To ensure that the outputs are not driven beyond their 
maximum 
range (output clipping), 
the peak amplitude 


response, individual 
section gains (Hosp, HOLP, HOHP), 
input 
signal 
level, and filter 
offset 
voltages 
must 
be 


carefully 
considered. 
It 
is especially 
important 
to 


check UNUSED 
outputs 
for clipping 
(Le. the lowpass 


output 
in a bandpass 
hookup) 
because 
overload 
at 


ANY filter stage severely distorts the overall response. 
The maximum 
signal swing with ±4.75Y supplies 
and 


a 1.0Y filter offset is approximately 
±3.5V. 


For example 
lets assume a fourth-order 
low pass filter 


is being 
implemented 
with 
a Q of 2 using 
Mode 
1. 


With 
a single 
5Y supply 
(Le. ±2.5Y 
with 
respect 
to 


chip GND) the maximum 
output 
signal 
is ±2Y (w.r.t. 


GND). 
Since 
in Mode 
1 the 
maximum 
signal 
is Q 


times 
the input 
signal, 
the input 
should 
not exceed 
±(2/Q)V, 
or ±1V in this case. 


- 
- 
- 
- 5V 


V'N 
rv 
---ov 
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* 
C,1000pF 


Clock 
Feedthrough 
and Noise 


Typical wideband noise for MAX26X series devices is 
0.5mVpp from 
DC to 100kHz. The noise is virtually 


independent 
of clock frequency. In multistage filters, 
the section with the highest Q should be placed first 
for lower output noise. 


The output waveform of the MAX26X series and other 
switched capacitor filters appears as a sampled signal 
with stepping or "staircasing" 
of the output waveform 


occurring 
at the internal sample rate (fCL1/2). This 


stepping, if objectionable, 
can be removed by adding 


a single 
pole RC filter. With no input signal, clock 


related feedthrough 
is approximately 
8mVpp. This can 


also be attenuated 
with an RC smoothing 
filter as 


shown with the MAX263 in Figure 15. 


Input 
Impedance 


The filter 
input model is shown in Figure 16. Input 


capacitor 
CA is shunted by Cs which is switched at 


one half the input clock frequency (FCLK/2).The input 
impedance is described by: R1N = 2/(Cp. 
X fCLK).There 


is also a fixed 
stray capacitance 
of about 
5pF to 


ground. 


Digitsl 
Inputs 


Filter programming 
is accomplished 
by tying 
input 


pins MO,M1, FO-F4,and QO-Q6 to high or low voltage 
levels, typically 
V· and V-. Inputs are not internally 


pulled up or down so these inputs must not be left 
unconnected. 
Input thresholds 
are guaranteed to be 


no higher than V· -0.5V and no lower than V- +0.5V. If 
pull-up 
resistors are used with switches at the pro- 


gramming 
inputs as might be the case in prototype 


'0 and Q at Low Sample 
Rates 


When low fC~K/fo ratios and low Q settings are se- 
lected, deviation from ideal continuous filter response 
may be noticeable 
in some designs. This is due to 
interaction 
between Q, and fo at low fcLK/fo ratios and 
Qs. The data in Figure 17 quantifies these differences. 
Since the errors are predictable, 
the graphs can be 
used to correct 
the selected fo and Q so that the 
actual realized parameters are on target. These pre- 
dicted errors are not unique to MAX26X series devices 
and in fact 
occur 
with 
all sampled 
filters. 
Conse- 


quently, these corrections 
can be applied 
to other 


switched-capacitor 
filters. 
In the majority 
of cases, 


the errors are not significant, 
i.e. less than 1%, and 
correction 
is not needed. However, the MAX264/68 
does employ a lower range of fcLK/fo ratios than the 
MAX263/67 
and is more prone to sampling errors as 
the tables show. 


Maxim's filter design software 
applies 
the previous 
corrections 
automatically 
as a function 
of desired 
fcLK/fo, and Q. Therefore, 
Figure 17 should NOT be 
used when Maxim's software determines fo and Q. This 
results in overcompensation 
of the sampling 
errors 
since the correction 
factors are then counted twice. 


The data plotted in Figure 17 applies for Modes 1 and 
3. When using 
Figure 
17 for Mode 4, the fo error 
obtained from the graph should be multiplied 
by 1.5 
and the Q error should be multiplied 
by 3.0. In ,Mode 
2 the value of fC~K/fo should be multiplied 
b)( y2 and 
the programmed 
Q should be divided by ;;2 before 
using the graphs. 
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and Q Settings 


Aliasing 


As with all sampled 
systems, frequency 
components 
of the input 
signal 
above one half the sampling 
rate 
will be aliased. In particular, 
input signal components 
near the sampling 
rate generate difference 
frequencies 
that often fall within 
the passband 
of the filter. Such 
aliased 
signals, 
when they appear at the output, 
are 
indistinguishable 
from 
real 
input 
information. 
For 
example, 
the aliased output 
signal generated 
when a 
99kHz 
waveform 
is applied 
to 
a filter 
sampling 
at 
100kHz, (fcLK = 200kHz) 
is 1kHz. This waveform 
is an 
attenuated 
version 
of the 
output 
that 
would 
result 
from 
a true 
1kHz 
input. 
Remember 
that 
with 
the 
MAX26X series filters, 
the nyquist 
rate (one half the 
sample rate) is in fact fcLK/4 because fCLK is internally 
divided 
by two. 


A simple 
passive 
RC lowpass 
input 
filter 
is usually 


sufficient 
to remove input frequencies 
that can cause 


aliasing. 
In many cases the input signal 
itself may be 


band limited and require no special anti-alias 
filtering. 


The wideband 
MAX264/68 
uses lower 
fcLK/fo 
ratios 


than the MAX263/67 and for this reason is more likely 
to require input filtering 
than the MAX263 or MAX267. 


Trimming DC Offset 


The DC offset voltage 
at the LP or Notch 
output 
can 


be adjusted 
with the circuit 
in Figure 
18. This circuit 


also 
uses the 
input 
op-amp 
to implement 
a single 


pole 
anti-alias 
filter. 
Note 
that 
the 
total 
offset 
will 


generally 
be less in multistage 
filters than when only 


one 
section 
is used 
since 
each 
offset 
is typically 


negative and each section inverts. When the HP or BP 
outputs 
are used, 
the 
offset 
can 
be removed 
with 


capacitor 
coupling. 


1~:: ] 
OFFSET -= 


TRIM 
-5V 
GAIN 
= -R,/R2 


1 
fLP = 277R,C, 


Figure 
18. 
Circuit 
for DC Offset 
Adjustment 


Design Examples 
4th·Order 


Multiple Feedback Bandpass-MAX26B 


In Figure 19, a pin-programmed 
MAX268 operates 
as 


a 4th-order 
50kHz Chebyshev 
bandpass. 
The specifi- 


cations 
are: 


Center frequency 
(fo) = 50kHz 
Pass bandwidth 
= 10kHz 
Max. passband 
ripple 
= 0.1dB 
Gain at center 
freq. = 1V1V 


Two identical 
2nd-order 
sections 
and the internal 
op 


amp are used with 
multiple 
feedback. 
The 
general 


form 
is as in Figure 13. Maxim's 
design program, 
Bp, 


generates the programming 
codes and feedback 
resis- 


tor values. With 
a 2.5MHz 
crystal 
clock 
the realized 


parameters 
are: 


Center frequency 
= 50.305kHz 
Pass Bandwidth 
= 10.07kHz 
Programmed 
t.cLK/fo ratio = 50.27 (N = 3) 
Programmed 
U = 4.27 (N = 113) 
(desired 
Q ~ 4.215) 
Actual 
Q (with error correction) 
= 4.21 
Resistors: 
R2 = 131kO, Ro = 75kO, RF = 10kO 
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Figure 
19. 4th-Order 
50kHz 
Chebyshev 
Bandpass 
Using 


Multiple 
Feedback 


Other clock 
rates and fcLK/fo ratios can be chosen to 


implement 
the 
same 
filter, 
but 
larger 
fcLK/fo ratios 


provide 
performance 
closer to the ideal. Capacitor 
C2 
may be needed 
to prevent 
response 
peaking 
at the 


passband 
edge. In this example 
C2 = 2.5pF. 


Multiple 
feedback 
can also be extended 
to 8th-order 


designs while still using one clock by adding a second 
MAX268 
and 2 additional 
feedback 
resistors. 
These 


can also be calculated 
with the design 
program, 
BP. 


Note that for filter order above 4, the feedback 
signal 


from odd filter sections is inverted before it is summed 
(see Figure 
13). 
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4th-Order Band"... 
(No Multiple Feedbllc#C)-MAX26B 


Without 
multiple 
feedback, 
the previous 
example 
can 
be implemented 
with 
no external 
components, 
how- 


ever separate clocks are required for ClKA 
and ClKs 
(Figure 20). The target specifications 
are the same as 
before. The realized parameters 
are now: 


ClKA 
= 1.89MHz, ClKEl 
= 2.5MHz 
Center frequency 
= 50kHz 
Pass bandwidth 
= 10kHz 
Programmed 
fc.LK/fo ratio = 43.98 (N = 1) 


Programmed 
U 
= 4.27 
(N 
= 113) (desired 
Q 
4.215) 
Actual 
Q (with error correction) 
= 4.2 


With the chosen fcu<!fo ratio, a crystal may be used at 
ClKA 
while a divided system clock, if available (2.5, 5, 


10, or 20M Hz). drives ClKs. 
This is suggested 
because 
ClKA 
has internal 
circuitry 
to drive 
a crystal 
while 
ClKs 
does 
not. 
Other 
clock 
sources 
may be used 
with 
a different 
programmed 
.fcLK/fo as long 
as the 
ratio 
between 
ClKA 
and 
ClKs 
remains 
the 
same 
as above. 
Another 
advantage 
of this 
circuit 
is that 
higher center frequencies 
can be achieved 
relative to 
equivalent 
multiple 
feedback 
designs 
because 
lower 
Q sections 
are used compared 
to multiple 
feedback. 
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In Figure 
21, two Butterworth 
low pass filters 
are set 
up to accurately 
track each other. By "splitting" 
two 
MAX263s only one clock is needed. The specifications 
are: 


Cutoff 
frequency 
= 3kHz 
f.oA= foe. = 3kHz 
UA = 1.307, Os = 0.541 


These 
yalues 
can be programmed 
directly 
into the 
filter. Howeyer, since the Os are low, sampling 
errors 
may be large enough to deserve attention. 
From Figure 
17, if fCLK/fo is near 130 (fCllS is 400kHz), 
fOAand fOB 
will be about 4% and 1.5% high respectiYely. 0A and 
Os will be 1.2% and 0.5% low. These errors may not be 
large enough 
to worry 
about 
but are corrected 
here 
(within 
the programming 
resolution 
of the MAX263) 


by the filter design programs 
PZ and MPP. fOA.and fQ,~ 


are programmed 
to different 
yalues (NA = 11, Ns = 12) 


for this reason. 


Mode 1, ClKA 
= ClKs 
= 400kHz 
fC~K/foA = 135.08, N = 11 
(target foA.= 2961Hz, actual 
= 3008Hz) 
fC~K/fos = 138.23, N = 12 
(target 
fOB. = 2894Hz, actual 
= 3015Hz) 
0A = 1.31, N = 79 (actual Op. = 1.30) 
Os = 0.547, N = 11 (actual UA = 0.542) 


Pin Programmable 
Universal and Bandpass Filters 


_ Ordering Information (continued) 


PART 
TEMP. 
RANGE 
PACKAGE- 
ACCURACY 


MAX264AEPI 
-40·C 
to +85·C 
Plastic DIP 
1% 


MAX264BEPI 
-40· C to +85· C 
Plastic DIP 
2% 


MAX264ACWI 
O·C to +70·C 
Wide SO 
1% 


MAX264BCWI 
O·C to +70·C 
Wide SO 
2% 


MAX264AMJI 
-55·C 
to +125·C 
CERDIP 
1% 


MAX264MBJI 
-55·C 
to +125·C 
CERDIP 
2% 


MAX267ACNG 
O·C to +70·C 
Plastic DIP 
1% 


MAX267BCNG 
O·C to +70·C 
Plastic DIP 
2% 


MAX267AENG 
-40· C to +85· C 
Plastic DIP 
1% 


MAX267BENG 
-40·C 
to +85·C 
Plastic DIP 
2% 


MAX267ACWG 
O·C to +70·C 
Wide SO 
1% 


MAX267BCWG 
O·C to +70·C 
Wide SO 
2% 


MAX267AMRG 
-55· C to +125· C 
CERDIP 
1% 


MAX267BMRG 
-55·C 
to +125·C 
CERDIP 
2% 


MAX268ACNG 
O·C to +70·C 
Plastic DIP 
1% 


MAX268BCNG 
O·C to +70·C 
Plastic DIP 
2% 


MAX268AENG 
-40· C to +85· C 
Plastic DIP 
1% 


MAX268BENG 
-40· C to +85· C 
Plastic DIP 
2% 


MAX268ACWG 
O·C to +70·C 
Wide SO 
1% 


MAX268BCWG 
O·C to +70·C 
Wide SO 
2% 


MAX268AMRG 
-55· C to·' 
25· C 
CERDIP 
1% 


MAX268BMRG 
-55·C 
to +125·C 
CERDIP 
2% 


• MAX2631264 
packages 
are 28-pin 
0.6" wide DIP and 28-pin 
0.3" wide 


SO (Small 
Outline;' 


MAX2671268 
packages 
are 24-pin 
0.3" wide DIP and 24-pin 
0.3" wide 
SO (Small 
Outline;, 


~(3'~~~~~)J 


N.C. (OP OUT) 


HPA 
HP. 


BPA LPA IN. LP. BP. 
04il 


o 


F2 
03 
02 


0.199" 


(5.055mm) 


OSC OUTl 


GNO 


N.C.(OP IN) 


INA 
05 
M1 (N.C.) 


MO (N.C.) 
~ 


ADVANCE INFORMATION 
First Page of Data Sheet in Preparation 


______ 
General Description 


The MAX265 and MAX266 switched-capacitor 
active 
filters are designed for precision 
filtering 
applications. 
Each contains 
two independent, 
second-order 
build- 
ing 
blocks 
which 
can be configured 
as a lowpass, 
highpass, 
bandpass, 
notch or all pass filter by adding 
a few 
external 
resistors. 
Any 
of the 
classical 
fi Iter 
configurations 
(Butterworth, 
Chebyshev, elliptic, 
etc.) 
can be built. Two uncommitted 
op amps are included 
on chip. 


Separate 
clock 
input 
pins 
are 
provided 
for 
both 
second-order 
filter 
blocks. 
The clock 
source 
can be 
either a crystal 
or external 
clock 
input. The center or 
cutoff 
frequency 
(fClK/fp ratio) 
is set by a 6-bit 
pin- 
strapped 
programming 
Input and with resistors. 


The MAX265 operates 
with center frequencies 
up to 
40kHz 
and 
while 
the 
MAX266 
operates 
with 
fos to 
140kHz by employing 
a lower range of fClK/fo ratios. 


The filters operate with supplies 
ranging from ±2.37V 
to 
±6.3V 
as 
well 
as 
a 
single 
+5V 
power. 
The 
MAX265/266 
is supplied 
in 28-pin wide DIP and small 
outline 
packages. All devices are available in commer- 
cial, extended, 
and military 
temperature 
ranges. 
Applications 


Sonar and Avionics 
Instruments 


Anti-Aliasing 
Filters 


Digital 
Signal 
Processing 


Vibration 
and Audio 
Analysis 


Telecommunications 
Test Equipment 


~~I~JXI~~I 
Resistor/Pin 
Programmed 
Universal Active Filters 


• Filter 
Design Software 


• 54-Step 
Frequency 
Control 


• 
Resistor Adjustment 
of Frequency 


• 
140kHz Center 
Frequency 
Range (MAX266) 


• 
Single 
+5V and ±5V Operation 


PART 
TEMP. RANGE 
PACKAGE" 
ACCURACY 


MAX265ACPI 
Q·C to "7Q·C 
Plastic DIP 
1% 


MAX265BCPI 
Q·C to +7Q·C 
Plastic DIP 
2% 


MAX265AEPI 
-4Q·C to +85·C 
Plastic DIP 
1% 


MAX265BEPI 
-4Q·C to +85·C 
Plastic DIP 
2% 


MAX265ACWI 
Q·C to +7Q·C 
Wide SO 
1% 


MAX265BCWI 
Q·C to +7Q·C 
Wide SO 
2% 


MAX265AMJI 
-55·C 
to +125·C 
CERDIP 
1% 


MAX265BMJI 
-55·C 
to +125·C 
CERDIP 
2% 


MAX266ACPI 
Q·C to +7Q·C 
Plastic DIP 
1% 


MAX266BCPI 
Q·C to +7Q·C 
Plastic DIP 
2% 


MAX266AEPI 
-4Q·C to +85·C 
Plastic DIP 
1% 


MAX266BEPI 
-4Q·C to +85·C 
Plastic DIP 
2% 


MAX266ACWI 
Q·C to +7Q·C 
Wide SO 
1% 


MAX266BCWI 
Q·C to +7Q·C 
Wide SO 
2% 


MAX266AMJI 
-55·C 
to +125·C 
CERDIP 
1% 


MAX266BMJI 
-55·C 
to +125·C 
CERDIP 
2% 


2. 
INVa 
lPa 


BPa 


N/APlHPa 


F1 


F3 
S1a 
OSCo 
GND 


19 
v- 


,. 
FO 


17 
F2 


16 OPB OUT 


15 
OPB 
IN 


lPA 


BPA 


OPA OUT 
3 


N/AP/HPA 
4 


OPA IN 


INVA 


S1A 
7 


SA/a 
• 


ClK OUT 
9 


.lVI/lXI/VI 
MAX2651 


266 


/."I/J X 1/.,,1------ 
Mllxim Integrated Products 6-59 
"V,,,, X ,"V, 
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trademark 
of Maxim 
Integrated 
Products. 
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Digitally-Programmed, 
Dua' 


2nd-Order Continuous Lowpass Fi,ters 


_______ 
General Description 


The MAX270/MAX271 
are digitally-programmed, 
dual 


second-order 
continuous-time 
lowpass filters. Their typi- 


cal dynamic 
range of 96dB surpasses 
most switched 


capacitor 
filters 
which 
require 
additional 
filtering 
to 
remove clock noise. The MAX270/MAX271 
are ideal for 


anti-aliasing 
and DAC smoothing 
applications 
and can 
be cascaded 
for higher-order 
responses. 


The two filter sections are independently 
programmable 


by either microprocessor 
(!!P) control or pin strapping. 


Cutoff frequencies 
in the 1kHz to 25kHz range can be 


selected. 


The MAX270 has an on-board, uncommitted op amp, while 
the MAX271 has an internal track-and-hold (T/H). 


Lowpass Filtering 


Anti-Aliasing 
Filter 


Output Smoothing 


Low-Noise Applications 


Anti-Aliasing 
and Track-and-Hold 
(MAX271) 


OUTPUT 
SMOOTHING 


AO 
00-06 
CS 
VIR 


___________ 
Features 


• 
Continuous-Time 
Filtering - No Clock Required 


• 
Dual 2nd-Order Lowpass Filters 


• 
Sections Independently 
Programmable: 
1kHz to 25kHz 


• 
96dB Dynamic Range 


• 
No External Components 


• 
Cascadable 
for Higher Order 


• 
Low-Power 
Shutdown Mode 


• 
Track-and-Hold 
(MAX271) 
______ 
Ordering Information 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MAX270CPP 
Ooc to +70'C 
20 Plastic DIP 


MAX270CWP 
O'C to +70'C 
20 Wide SO 


MAX270EPP 
-40'C to +85'C 
20 Plastic DIP 


MAX270EWP 
-40'C to +85'C 
20 Wide SO 


MAX270MJP 
-55'C to + 125'C 
20CERDIP 


MAX271CNG 
O'C to +70'C 
24 Plastic DIP 


MAX271CWG 
O'C to +70'C 
24 Wide SO 


MAX271ENG 
-40'C to +85'C 
24 Plastic DIP 


MAX271EWG 
-40'C to +85'C 
24 Wide SO 


MAX271MRG 
-55'C to + 125'C 
24 CERDIP 


Digitally-Programmed, 
Dual 
2nd-Order Continuous Lowpass Filters 


ABSOLUTE MAXIMUM RATINGS 
V+toV- 
v+ to GND 
v- toGND 
. 
Input Voltage to GND, Any Input Pin 
Duration of Output Short Circuit to GND 
Continuous 
Total Power Dissipation 
(TA = +70·C) 
MAX270: 


Plastic DIP (derate 8mWrC above +70·C) 
. 


Wide SO (derate 10mWrC above +70·C) 
CERDIP (derate 11.lmWrC 
above +70·C) 


640mW 
800mW 
889mW 


.......................... 
-0.3V, +17V 
-0.3V, +8.5V 
+0.3V, -8.5V 


V- -0.3V, V+ 
+0.3V 


... 
Indefinite 


MAX271: 


Plastic DIP (derate 8.7mWrC above +70·C) 
696mW 


Wide SO (derate 11.7mWrC above +70·C) 
941 mW 


CERDIP (derate 12.5mWrC above +70·C) 
1000mW 


Operating 
Temperature 
Ranges: 


MAX27 _C_ _ 
O·C to +70·C 


MAX27 _E__ 
. 
. .. -40·C to +85·C 


MAX27 _M_ _ 
.. -55·C to + 125·C 


Storage Temperature 
Range 
, 
-65·C to + 165·C 


Lead Temperature 
(soldering, 
10 see) 
. 
+300·C 


Stresses 
beyond 
those listed under 
"Absolute Maximum 
Ratings· 
may cause 
permanent 
damage 
to the device. 
These are stress ratings 
only. and functional 
operation 
of the device 
at these or any other conditions 
beyond 
those indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating conditions 
for extended 
periods 
may affect device 
reliability. 


ELECTRICAL CHARACTERISTICS 


(V+ = 5V, v- = -5V; TA = +25·C, unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


FILTER CHARACTERISTICS 


Operating 
Frequency 
Range 
(Note 1) 
2 
MHz 


Programmed 
Cutoff Frequency 
(fe) 
1-25 
kHz 
Range 


fe code = 53 (2.536kHz 
typ) 
t2.9 


Programmed 
Cutoff Frequency 
Error 
% 
fe code = 127 (25kHz typ) 
t9.5 


fe code = 0 (1kHz typ), 
fiN = 1kHz 
-3.6 
-24 


TA = TMIN to TMAX 
fiN = 8kHz 
-33 
Filter Gain 
dB 
fe code = 127 (25kHz typ), 
fiN = 25kHz 
-6 
-0.5 
TA = TMIN to TMAX 
fiN = 200kHz 
-34 


fe code = 0 (1kHz typ) 
0.15 
Maximum Gain (Peaking) 
dB 
fe code = 127 (25kHz typ) 
0.15 


fe code = 0 (1kHz typ) 
12 
Wide band Noise 
50Hz to 50kHz Bandwidth 
IlVRMS 


fe code = 127 (25kHz typ) 
38 


DC CHARACTERISTICS 


DC Output Signal Swing 
RLOAD = 5kfl, 
OUTA, OUTB, OP OUT (MAX270) 
-3 
3 
V 


OUTA, OUTB, T/H OUT (MAX271) 
TA = TMIN to TMAX 


Offset VOlta~e at Outputs 
OUTA, OUT 
,OP OUT (MAX270) 
-2 
2 
mV 
OUTA, OUTB (MAX271) 


DC Input Leakage 
Current 
INA, INB (MAX270) 
TA = TMIN to TMAX 
-1 
1 
J.1A 


INA, INB (MAX271) 


Digitally-Programmed, 
Dual 


2nd-Order Continuous I..owpass Filters 


ELECTRICAL CHARACTERISTICS 
(continued) 


(V+ ; SV, v- ; -sV; TA; 
+2S·C, unless otherwise 
noted) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


DYNAMIC 
FILTER CHARACTERISTICS 
- MAX270 


Total Harmonic 
Distortion (THO) 
-70 


Si~nal/(NOiSe + Distortion) 
fe code; 
44 (2.01kHz typ), 
73 
(SNAD) 
VIN ; 3.SVp-p at 390.62SHz 
dB 


Spurious-Free 
Dynamic Range 
(Notes 2, 3) 


(SFDR) 
70 


UNCOMMITTED 
AMPLIFIER 
- MAX270 


Slew Rate 
1.2 
V/IlS 


Bandwidth 
2 
MHz 


TRACK-AND-HOLD 
- MAX271 


Hold Settling Time 
To 0.1% (Note 4) 
SOO 
ns 


Acquisition 
Time 
ToO.l%(NoteS) 
1.8 
Ils 


Hold Step 
1 
mV 


Droop Rate 
TA; 
TMIN to TMAX 
30 
1lV/IlS 


Offset Voltage at T/H OUT 
Includes filter offset 
-6 
6 
mV 


T/H OUT Disabled 
Output 
TA ; TMIN to TMAX, T/H ; OV (Track Mode) 
-10 
10 
IlA 
Leakage Current 


Total Harmonic 
Distortion (THO) 
-70 


Spurious-Free 
Dynamic Range 
fe code; 
44 (2.01 kHz typ), VIN ; 3.SVp-p at 390.62SHz, 
dB 
(SFDR) 
Sampling 
rate; 
SOkHz (Notes 2, 6, 7) 
70 


DIGITAL 
INPUTS 


Digital Input High Voltage 
24 
TA ; TMIN to TMAX (Note 8) 
V 


Digital Input Low Voltage 
0.8 


TA ; TMIN to TMAX, 


Digital Input Current 
Digital input held at iSV, includes 
MODE (MAX271) 
-1 
1 
IlA 
(Note 8) 


POWER REQUIREMENTS 


Supply Voltage Range 
±2.37S 
V 
toi8 


Supply Current 
TA; 
TMIN to TMAX (Note 9) 
6.S 
mA 


Shutdown Supply Current 
TA; 
TMIN to TMAX (Note 10) 
lS 
IlA -- 


Power-Supply 
Rejection Ratio 
fe code; 
0 (1kHz typ), V+; 
SVDC + 100mVp-p 
at 1kHz 
30 
dB 
(PSRR) at 1kHz 


Note 1: 
All internal amplifiers 
limited to 2MHz bandwidth. 


Note 2: 
Only filter A tested for these parameters. 


Note 3: 
Spurious-Free 
Dynamic 
Range is the ratio of the fundamental 
to the largest of any harmonic 
or noise spur in dB. 


Note 4: 
Includes 
T/H propagation 
delays. 
With SkQ, parallell00pF 
load. 


Note 5: 
±2V input step settling 0.1% with SkQ parallell00pF 
load. 


Note 6: 
T/H pin toggled 
at sampling 
rate, SO% duty cycle. 


Note 7: 
THO and SFDR specifications 
for T/H include contributions 
from filter. 


Note 8: 
Digital pins include SHDN, WR, CS, AO, 00-06 
(MAX270) and SHDN, T/H Ala, WR, T/H EN, CS, AO, Al, 00-06, 
T/H (MAX271). 


Note 9: 
!.QQu\.Q!. 
uncommitted 
op amp floating with a SkQ feedback 
resistor from input to o~tput. 


Note 10: WR, CS, AD, 00-06 
held at +SV; SHDN; 
OV (MAX270). 
WR, CS, AO, Al, 
00-06, 
TH, T/H AIB, T/H, 
MODE held at +SV; 


SHDN; 
OV (MAX271). 


Digitally-Programmed, 
Dual 
2nd-Order Continuous I.owpass Filters 


TIMING CHARACTERISTICS 
(Figure 2) 


(V+ = SV, v- = -sV; TA = +2S'C, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


CS to WR Setup 
tws 
0 
ns 


CStoWR 
Hold 
twh 
0 
ns 


WR Pulse Width 
twv 
100 
ns 


Address-Setup 
Time 
tas 
30 
ns 


Address-Hold 
Time 
tah 
10 
ns 


Data-Setup 
Time 
tds 
30 
ns 


Data-Hold 
Time 
tdh 
10 
ns 


V+=5V 
-1 
-1 
V-=-5V 
'" 
'" 


Ie code = 0-127 (1-25kHz fyp) 
~ 
TA= +25'C 
z 
z 
'" 
'" 
'" 
-2 
'" 
-2 


-3 
-3 


25 
100 
1k 
10k 
25k 
001 
01 
1.0 


IIN(Hz) 
IiNile 


6-64 


-20 


'"= 
-40 
z 
'"'" 


-60 


\. 


\. 


V+ = 5V 
1\ 
f- 


V-= 
-5V 


Ie code = 127 (25kHz Iyp) 
- 


TA=+25'C 
'" 
" 
I II I I II 


10k 
lOOk 


IIN(Hz) 


FILTER GAIN YS. FREQUENCY 
(Normalized 
to Cutoff Frequency) 


o 


-20 


-1 
'" 
'" 
= 
-40 
= 
z 
z 


'" 
'" 
'" 
'" 
-2 


-60 


-3 


-80 


0.1 
1.0 
10 
100 
10 
100 
1000 


IiN/ie 
hN(Hzj 


PASSBAND 
FILTER GAIN 
YS. FREQUENCY 
(Normalized 
to Cutoff Frequency) 


+0.5 


FILTER PHASE SHIFT YS. FREQUENCY 


(Normalized 
to Cutoff Frequency) 


o 


in 
-45 
~ 
&3e. 
ti: 
~90 
~ 
~ 
iE -135 


Digitally-Programmed, 
Dual 


2nd-Order Continuous I..owpass Filters 


CASCADED 
FILTER GAIN 
vs. FREQUENCY 
(Normalized 
to Cutoff Frequency) 


+o.s 


-O.S 


-l.S 


-2S 
<i> 
~ 
-3.5 
;;;: 


'" 
-4.S 


Vt = SV 
V- =-SV 
fe (FILTER A) = Ie (FILTER B) = 
0-127 
(1-2SkHz 
Iyp) 
FILTERS A AND B CASCADED 
FIGURE S 
TA=t2S0C 


FILTER TOTAL HARMONIC 
DISTORTION 
+ NOISE 
vs. INPUT FREQUENCY 


fiN 
fe 
fe 
THD+ 


(Hz) 
Code 
(Hz) 
NOISE 
(Typ) 
(dB) 


190 
0 
1k 
-78 


390 
44 
2.01k 
-73 


1367 
100 
7.01k 
-67 


4875 
127 
25k 
-66 


CASCADED 
FILTER GAIN 
vs. FREQUENCY 
(Normalized 
to Cutoff Frequency) 


o 


-20 


~ 
-40 
z 
;;;: 
'" 


-60 


\ 
\ 
\ 


Vt =SV 
V- =-SV 
fe jFlLTER 
A) = fe (FILTER B) = 


~iLfl~J-1~6 
r6ASCADED 


FIGURE S 
TA= t2S·C 


Vt =SV 
V-=-SV 
Ie code =44 
(2.01kHzI)ll) 
nEST = 390.62SHz 
TA = t2S0C 
VIN =3.SVpll 


co 
~-60 
;;;: 
'" 


2k 
3k 


F(Hz) 


FILTER TOTAL HARMONIC 
DISTORTION 
+ NOISE 
vs. INPUT AMPLITUDE 


MAX271 FILTER + TRACK·AND·HOLD 
SPURIOUS-FREE 
DYNAMIC 
RANGE 
vs. INPUT FREQUENCY 


-60 


-65 


~ 


-70 


z 
;;;: 
'" 


-7S 


-80 


Vt=SV 
V-=-SV 
- 
_ 
fiN = 390.62SHz 


" 


~A:O~~5o~4 
(201kHzlyp) 
/ 


f\ 
1/I 


fiN 
fe 
fe(Hz) 
SFDR 
(Hz) 
Code 
(Typ) 
(dB) 


195 
0 
1k 
73.5 


781 
72 
4.01k 
69.5 


1562.5 
105 
8.08k 
66 


3906 
124 
19.4k 
61.5 


1.0 


VIN(VPil) 
_ 
Vt = SV, V- = -SV; 
VIN = 3.SVp-p; 


TIH SWITCHED 
AT SOkHz, SO'll. DUTY CYCLE; 


TA=t2S0C 


MAX271 FILTER + TRACK-A 
NO-HOLD 
SPURIOUS-FREE 
DYNAMIC 
RANGE vs. 


INPUT AMPLITUDE 


MAX271 FILTER + TRACK-AND-HOLD 
SPURIOUS·FREE 
DYNAMIC 
RANGE 
vs. SAMPLING 
FREQUENCY 


FSAM- fiN 
fe 
fe 
SFDR 
PLE 
(Hz) Code 
(Hz) 
(dB) 
(Hz) 


100k 
781 
72 
401k 
72 


200k 
1562 
105 
8.08k 
72 


500k 
3906 
124 
19.4k 
64 


_ Vt 
= SV, V- = -sv; 
VIN = 3.SVp-p; 


TIH SWITCHED 
AT SO'll. DUTY CYCLE; 
TA=t2S·C 


Digitally-Programmed, Dua' 
2nd-Order Continuous Lowpass Fi,ters 


______ 
Detailed Description 


Figures 1a, 1b, and 1cshowthe 
MAX270/MAX271 function- 
al diagrams. 
Both the MAX270 and MAX271 contain two 


independent, 
second-order, 
Sallen-Key, lowpass filter sec- 
tions, A and B, to provide a frequency 
vs. gain rolloff of 
approximately 
40dB/decade. 
These 
are not switched- 


capacrtor filters, but have a continuous-time design similar 
to discrete 
active 
filters 
built 
around 
op amps. 
The 
MAX270/MAX271 
eliminate 
clock 
noise 
and 
aliasing 
problems which limit low-noise performance 
of switched- 


capacitor filters; resulting dynamic range is over 96dB. 


Each filter section contains two banks of programmable 
capacitors, 
controlled 
by an internal 7-bit memory, which 


set filter cutoff frequencies 
(fC) from 1kHz to 25kHz. The 
filters provide 
two program 
modes. 
In ~p mode, cutoff 
frequencies 
are programmed 
by writing 7-bit data to one 


of two memory 
addresses 
(one for each filter section). 


Alternately, 
a pin-strap 
programming 
mode 
programs 


both filter sections 
simultaneously. 
In this mode, 
both 
memory latches are transparent 
(not addressable), 
and 


data pins 00-06 
may be pin strapped 
(hardwired) 
to set 


a common fC for both filter sections. 


The filters are trimmed 
at the wafer level, setting 
0 for 
a maximum 
of 
0.15dB 
passband 
peaking 
for 
fC 


programmed 
to 1kHz. Maximum 
passband 
peaking 
at 
other codes 
is typically 
less than 0.15dB. 
Filter 0 is not 


user-programmable. 


The MAX270 includes 
an uncommitted 
op amp (nonin- 


verting 
input grounded); 
the MAX271 
has an on-chip 
T/H that 
tracks 
and 
holds 
the 
output 
of either 
filter 
section (selectable). 
The held output is provided 
at T/H 


OUT. T/H functions 
are controlled 
by writing control bits 


to internal 
registers 
(in ~p mode) 
or by control 
pins 
directly 
(in pin-strap 
mode). 


The 
MAX270 
and 
MAX271 
provide 
a low~cent 


current 
shutdown 
mode 
controlled 
by the SHON pin, 


which turns off internal amplifiers 
and floats all outputs, 


reducing 
quiescent 
operating 
current to less than 15~A. 


When the MAX271 
is in ~p mode, 
shutdown 
mode 
is 
selected 
by writing 
control 
bits to memory 
(the SHON 


pin is disabled). 


________ 
Pin Descriptions 


MAX270 


PIN# 
NAME 
FUNCTION 


1 
OPOUT 
UncommittedOp-Amp Output 


2 
V+ 
PositiveSupplyVoltage 


3 
OUTA 
FilterA Output 


SHUTDOWNControl. Low levelfloats 


4 
SHDN 
OUTA, OUTB,and OPOUTand places 
device intoshutdown mode. 


5 
INA 
FilterA Input 


6 
V- 
NegativeSupplyVoltage 


7 
INB 
FilterB Input 


8 
OUTB 
FilterB Output 


9 
GND 
Ground 


WR 
WRITEControl Input.A low levelwrites 


10 
data 00-06 to program memoryad- 
dressed by AD. High levellatches data. 


11 
CS 
CHIPSELECTInput. Must be lowfor WR 
input to be recognized. 


Three-LevelAddress Input- 


12 
AD 
logic high: addresses filter A 
logic low: addresses filter B 
connect to V-: pin-strap mode 


7-Bit Data Inputs. Allows programmingof 


13-19 
00-06 
128cutoff frequencies in a 1kHz to 25kHz 
range. 


20 
OPIN 
UncommittedOp-Amp Input 


Note: All digital input levelsare TIL and CMOScompatible, 


unlessotherwisestated. 


MAX271 Pin Description 
on next page 
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Pin Descriptions (continued) 


NlAX271 


PIN# 
NAME 
FUNCTION,!1P 
MODE (MODE = GND OR Vo) 
FUNCTION, 
PIN-STRAP 
MODE (MODE = V+) 


1 
T/H OUT 
Track-and-Hold 
Output 


2 
V+ 
Positive Supply Voltage 


3 
OUTA 
Filter A Signal Output 


4 
SHDN 
X 
SHUTDOWN 
Control. 
A low level floats outputs and 


places device into shutdown 
mode. 


5 
INA 
Filter A Signal Input 


6 
V- 
Negative Supply Voltage 


7 
INB 
Filter B Signal Input 


8 
MODE 
Selects!1P mode when tied to GND or V- and pin-strap mode when connected to V+. 


9 
OUTB 
Filter B Signal Output 


10 
GND 
Ground 


11 
T/HNB 
X 
Track-and-Hold 
Input Control. 
A high/low 
level internally 
connects 
OUT NOUTB 
to input of Track-and-Hold. 


WRITE Control Input. 
A low level writes data roD6 


12 
WR 
to pro~ram 
memory addressed 
by A1, AO (or per- 
X 
forms 
unction as described 
for address 
inputs). 


High level latches data. 


13 
T/H EN 
X 
Track-and-Hold 
Output Control. 
Low level floats T/H OUT. 


Connect 
pin high for normal operation. 


14 
CS 
CHIP SELECT Input. 
Must be low for WR input to 
X 
be recognized. 


Address 
and !1PControl Inputs. 


0, 0 Programs fe, filter A. 
0, 1 Programs fe, filter B. 
1,0 
Controls T/H functions: 


15,16 
A1,AO 
DO performs T/H El\I...pinfunction. 
X 
01 performs T/H A/B pin function. 


1, 1 Controls device shutdown: 


DO performs SHDN pin function. 


Note: 
The WR pin must be strobed 
low to initiate 
a program/function 
(Figure 2). 


7-bit Data Inputs. 
Allows programming 
of 128 
7-bit Data Inputs. 
Program memory latches are trans- 
17-23 
00-06 
cutoff frequencies 
(also performs control func- 
parent in this mode. 
Connect 
pins high or low to program 


tions as described 
above). 
filters A and B simultaneously 
to the same fe. 


24 
T/H 
Track-and-Hold 
Control. 
Lo"""level causes T/H OUT to track selected filter output. 
Filter output level held at 


T/H OUT synchronous 
with T/H rising transition. 


X = Pin has no function 
in this mode. 


Note: 
All digital input levels are TIL and CMOS compatible, 
unless otherwise 
stated. 
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LATCH 
, 
CONTROL, 
I 
,- 


L 
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·PIN HAS NO FUNCTION 
IN ~P MODE. 


Figure 
lb. 
MAX271 Block Diagram 
-lIP Mode 
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16 
15 
14 
12 
NJ' 
Al' CS' ViR' 


'PIN 
HAS NO FUNCTION 
IN PIN-STRAP 
MOOE. 


Figure 
Ie. 
MAX271 Block Diagram 
- Pin-5trap 
Mode 


_______ 
Filter Programming 


Cutoff Frequency 


fe is the frequency of 3dB attenuation in the fi~er response. 


Table 1 shows how data pins 00-06 
allow programming 


of 128 cutoff frequencies 
from 1kHz to 25kHz. 


The equations 
for calculating 
fe from the programmed 


code are as follows: 


fe = 87.5 8! gODE x 1kHz 
for codes 0-63 
(fe = 1kHz to 3.57kHz) 


Actual cutoff frequencies 
are subject 
to some error for 
6 


each programmed 
code. 
Highest 
accuracy 
occurs 
at 


CODE = 0 where filters are trimmed 
for a 1kHz cutoff 


frequency. 
At higher codes. CODE vs. fe errors increase; 


the 
frequency 
error 
at CODE 
= 127 (highest 
code) 


remains typically 
within ±9.5%. 
This means that the ac- 


tual 
filter 
cutoff 
frequency, 
when 
programmed 
to 


CODE = 127, falls between 22.63kHz and 27.38kHz. 


262.5 
fe = 137 5 
CODE x 1kHz 
for codes 64-127 


. 
- 
(fe = 3.57kHz to 25kHz) 


where CODE is the data on pins 00-06 
(0-127). 06 is the 
most significant 
bit (MSB). 


Digitally-Programmed, 
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PROGRAMMED 
fe 
PROGRAMMED 
fe 
PROGRAMMED 
fe 
PROGRAMMED 
fe 
CODE 
(kHz) 
CODE 
(kHz) 
CODE 
(kHz) 
CODE 
(kHz) 


0 
1.000 
32 
1.576 
64 
3.571 
96 
6.325 


1 
1.011 
33 
1.605 
65 
3.620 
97 
6.481 


2 
1.023 
34 
1.635 
66 
3.671 
98 
6.645 


3 
1035 
35 
1.666 
67 
3.723 
99 
6.818 


4 
1.047 
36 
1.699 
68 
3777 
100 
7008 


5 
1.060 
37 
1.732 
69 
3.832 
101 
7.191 


6 
1.073 
38 
1.767 
70 
3.888 
102 
7.394 


7 
1.087 
39 
1.804 
71 
3.947 
103 
7.608 


8 
1.100 
40 
1.842 
72 
4.007 
104 
7.835 


9 
1.114 
41 
1.881 
73 
4.069 
105 
8.076 


10 
1.129 
42 
1.923 
74 
4.133 
106 
8333 


11 
1143 
43 
1.966 
75 
4.200 
107 
8.606 


12 
1.158 
44 
2.011 
76 
4.268 
108 
8.898 


13 
1.174 
45 
2.058 
77 
4.338 
109 
9.210 


14 
1.190 
46 
2.108 
78 
4.411 
110 
9.545 


15 
1.206 
47 
2.160 
79 
4.487 
111 
9.905 


16 
1.223 
48 
2.215 
80 
4.565 
112 
10.294 


17 
1.241 
49 
2.272 
81 
4.646 
113 
10.714 


18 
1.259 
50 
2.333 
82 
4.729 
114 
11.170 


19 
1.277 
51 
2.397 
83 
4.816 
115 
11.666 


20 
1.296 
52 
2.464 
84 
4.906 
116 
12.209 


21 
1.315 
53 
2.536 
85 
5.000 
117 
12.804 


22 
1.335 
54 
2.611 
86 
5.097 
118 
13.461 


23 
1.356 
55 
2.692 
87 
5.198 
119 
14.189 


24 
1.378 
56 
2.777 
88 
5.303 
120 
15.000 


25 
1.400 
57 
2.868 
89 
5.412 
121 
15.909 


26 
1.422 
58 
2.966 
90 
5526 
122 
16.935 


27 
1.446 
59 
3.070 
91 
5.645 
123 
18.103 


28 
1.470 
60 
3.181 
92 
5.769 
124 
19.444 


29 
1.495 
61 
3.301 
93 
5.898 
125 
21.000 


30 
1.521 
62 
3.431 
94 
6.034 
126 
22.826 


31 
1.548 
63 
3.571 
95 
6.176 
127 
25.000 
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NlAX270 Control Interface 


The AO pin is a three-level 
input that selects the memory 


addresses for updating cutoff frequency data in I!P mode: 


AO 
SELECTS 


Logic Low 
FilterB 


Logic High 
Filter A 


Figure 2 shows I!P-mode interface timing. 


Connecting 
AO to the negative 
supply selects pin-strap 


mode. 
Pin-strap mode allows filter programming 
with no 


timing 
requirements. 
Internal memory 
latches 
are dis- 


abled, permitting filters A and S to be programmed 
direct- 


ly to fe data strapped 
on 00-06. 
This mode disables CS 


and WR controls, and filters A and S are programmed 
to 
the same fe. 


A low level on the SHON pin shuts down all amplifiers and 
floats OUTA, OUTS, and OP OUT. Current consumption 
drops to less than 15!!A in this mode. 


NlAX271 Control Interface 


Connecting 
the MODE pin to GNO or V- selects the I!P 


mode. 
In this 
mode, 
addressable 
program 
memory 


controls 
filter cutoff frequency 
programm ing and all T/H 


functions, 
except f/H. 
Refer to Figure 2 for timing char- 


acteristics. 
Table 2 describes 
available 
functions: 


DATA 
(00-06) 


NOTE: 
AlL 
DIGITAL 
INPUTS 
ARE LEVEL-SENSITIVE. 
WHEN WR AND CS ARE BOTH LOW, 


THE DATA INPUT 
LATCHES 
ARE TRANSPARENT, 
AND THE FILTERS 
ARE 


PROGRAMMED 
TO THE DATA ON 00-06. 


In I!P mode, SHON, T/H NB, and T/H EN pins are dis- 
abled. f/H 
remains enabled and performs the T/H track- 


ing/holding 
function. 


Tying MODE to V+ selects pin-strap mode. In this mode, 
both memory latches are transparent, 
and data on 00-06 
controls the fe of filters A and S directly 
(filters A and S 
are programmed 
to the same Jg). 
Pin~ap 
00-06 
for 


operation without I!P. 
AO, A 1, CS, and WR are disabled. 


A1 
AO 
06 
05 
04 
03 
I 
02 
I 
01 
DO 
FUNCTION 


0 
0 
7-bit fC data 
Selects filter A 


0 
1 
7-bit Ie data 
Selects filter B 


1 
0 
X 
X 
X 
X 
X 
X 
0 
T/H OUT disabled 


1 
0 
X 
X 
X 
X 
X 
X 
1 
T/H OUT enabled 


1 
0 
X 
X 
X 
X 
X 
0 
X 
Selects OUTB as input to T/H 


1 
0 
X 
X 
X 
X 
X 
1 
X 
Selects OUTA as input to T/H 


1 
1 
X 
X 
X 
X 
X 
X 
0 
Filter shutdown 
mode. 
All outputs floated, 
151lA 
max supply current 


1 
1 
X 
X 
X 
X 
X 
X 
1 
Removes filter from shutdown 
mode 


-- 


Digitally-Programmed, Dua' 
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Digital Threshold Levels 


All digital inputs are TIL and CMOS compatible, 
unless 
otherwise 
stated. Inputs are CMOS gates with less than 
11lA leakage current and BpF capacitance 
loading. Typi- 
cal logic 
voltage 
thresholds 
are a function 
of the V+ 
supply voltage as shown below (voltages are referenced 
toGND). 


V+ 
LOGIC THRESHOLD 
(V) 
VOLTAGE(V) 


8 
+2.4 


7 
+2.3 
6 
+2.0 


5 
+1.75 


4 
+1.5 


25 
+1.0 


NOTE: 
For+5Vsingle-supply operation,where incoming logic 
signals are referenced 10 V-,typical logic thresholdsare 
+3.5V. Therefore,a CMOS(rail-lo-rail)logic interfaceis 
recommended. 


_______ 
Filter Performance 


All MAX270/MAX271 
intemal amplifier and output stages 
for filter sections, uncommitted op amp, and T/H are iden- 
tical. The outputs are designed to drive 5kQ in parallel with 
a maximum capacitance 
of 100pF. At higher load levels, 


the output swing becomes asymmetric. 
All outputs can be 
short circuited to GND for an indefinite duration. 


The MAX270/MAX271 operating frequency range is limited 
to aproximately 
2MHz by the bandwidth 
of the intemal 
amplifiers. 


Filter Noise 


Wideband filter noise over a 50kHz bandwidth is 12liVRMS 
and 38liVRMS per section for fC programmed 
to 1kHz and 
25kHz, respectively. A dynamic range of over 96dS results. 


FUterlnputllnpedance 


At DC, the input impedance 
at INA and INS is equal to 
the DC input impedance 
of the amplifier, 
which is about 
5MO. At higher 
frequencies, 
intemal 
capacitors 
con- 
tribute to an effective 
input impedance 
that may fall as 


low as 100kO at 25kHz. 
____ 
MAX271 Track-and-Hold 


The 
MAX271 
T/H 
is functionally 
equivalent 
to 
a 
switched 
200pF 
capacitor 
buffered 
by a unity-gain 
amplifier 
(Figures 
1b, 1c). When the T/H pin is driven 
low, 
the 
output 
of filter 
A or filter 
S (whichever 
is 
selected 
via control 
interface) 
internally 
connects 
to 
the amplifier, 
and T/H OUT follows 
the filter 
output. 


The offset 
at T/H OUT (±6mV max) is the combined 
offset of the filter amplifier 
and the T/H buffer. 
When 
T/H is pulled 
high, 
the switch 
disconnects 
the filter 
signal 
from 
the 
T/H. 
The 
T/H 
capacitor 
holds 
the 
stored 
charge, 
and 
that 
voltage 
is buffered 
at T/H 
OUT. 


A low level atT/H EN floats T/H OUT, enabling multiplexed 
operation (Figure 3). T/H AiB selects between OUTA and 
OUTS as the T/H input. 
In liP mode, the T/H EN and T/H 
OUT functions 
are controlled 
by writing 
control 
bits to 
program 
memory, 
with T/H EN and T/H OUT pins dis- 
abled. 


See Typical 
Operating 
Characteristics 
graphs 
for T/H 


dynamic accuracy. 
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____ 
Applications Information 


Power-Supply Configurations 


MAX270/MAX271 
power 
supplies 
must 
be 
properly 
bypassed. 
Best performance 
is achieved if V+ and V- are 
bypassed 
to GND with 4.71lF electrolytic 
(tantalum 
is 
preferred) 
and 
O.1IlF ceramic 
capacitors 
in parallel. 


These should be as close as possible to the chip supply 
pins. 


Single supplies in the range of 4.75V to 16V may be used 
to power 
the MAX270/MAX271 
as shown 
in Figure 
4. 


Digital logic may be referenced 
to V- (system ground), 
but will not maintain TTL compatibility. 
CMOS (rail-to-rail) 
logic is recommended. 
For IlP-mode 
operation 
with a 
single supply, 
the MAX270 AO pin must be configured 
with a voltage divider (Figure 4). 


Lowest quiescent 
current in shutdown mode is achieved 
when AO is either at V+ or V-. 
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Independent 
fe 


Programming 
Without a JlP 


Figure 
6 shows 
how filter 
sections 
A and 
B may 
be 
programmed 
to different 
cutoff frequencies 
without 
the 
use of a JlP The MAX690 JlP supervisory 
circuit provides 
the proper 
programming 
sequence 
when the circuit 
is 
powered 
up by controlling 
the 74HC373 
data buffer and 
the MAX270 addressing 
pin to load independent 
fe data 
for filters A and B. 
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Analog Filters 


_______ 
General 
Description 


The MAX274/MAX275 
are 8th-order/4th-order, 
continu- 
ous-time 
analog filters. The MAX274 has four indepen- 
dent, cascadable 
2nd-order 
sections, while the MAX275 
has two. Each filter section can implement 
any all-pole 
bandpass 
or 
lowpass 
filter 
response 
(such 
as 
Butterworth, 
Bessel, 
and 
Chebyshev) 
and 
is pro- 
grammed 
by four external resistors. The filters' continu- 
ous-time 
design 
offers low noise and a wide dynamic 
range by eliminating 
clock noise and aliasing problems 
characteristic 
of their switched-capacitor 
counterparts. 


Allowable 
pole 
frequencies 
range 
from 
100Hz 
to 
150kHz 
(MAX274) 
and 
100Hz to 300kHz 
(MAX275). 
Center-frequency 
accuracy 
is ±O.9% (MAX275), ±1.0% 
(MAX274) over the full operating 
temperature 
range. 


These 
low-noise 
filters, 
with total harmonic 
distortion 
less than 
-86dB, 
are ideal 
for lowpass 
anti-aliasing 
and 
digital-to-analog 
converter 
output 
smoothing 
in 
high-resolution, 
data-conversion 
applications. 


__________ 
Applications 


Low-Distortion, 
Anti-Aliasing 
Filters 


Output Smoothing 
Filters 


Audio/Sonar/Avionics 
Frequency 
Filtering 


Vibration Analysis 


Features 


• 
Continuous-Time Filters - No Clock, No Clock Noise 


• 
8th-Order, Quad 2nd-Order Sections (MAX274) 
4th-Order, Dual 
2nd-Order Sections (MAX275) 


• 
Lowpass/Bandpass 
Outputs 


• 
Low Noise; Low Distortion (-86dB Typ) 


• 
±O.9% 
Frequency Accuracy Over Temperature 


• 
Supplies: 
±5V, +5V, +12V, or +15V (MAX274) 
±5V or +5V 
(MAX275) 


• 
Pole Frequency Range: 
100Hz to 150kHz (MAX274) 
100Hz to 300kHz (MAX275) 


• 
Cascadable 
for Higher Order 


• 
DIP and SO Packages 


LPOD 


IND 


BPID 


BPOD 


GND 


LPID 


LPIC 


v- 


BPDC 
l1li 
BPIC 


INC 


LPDC 


v+ 


LPOB 


BPOB 


GND 


LPIB 


BPIB 


INB 


N.C. 


FCB 


5th Order, Zero DC Error, LOtlffpass Filter 


General Description 


The 
MAX280/LTC1062 
is a 5th order 
all pole instru- 


mentation 
lowpass 
filter with 
no DC Error. The filter 
uses an external 
resistor 
and capacitor 
to isolate the 


integrated 
circuit 
from 
the 
DC 
signal 
path, 
thus 


providing 
excellent 
DC accuracy. 


This resistor 
and capacitor 
along with the on-chip 
4th 


order 
switched 
capacitor 
filter 
form 
a 5th order 
low- 


pass filter. 
Two MAX2801LTC1062s 
can be cascaded 


to form 
a 10th order 
lowpass filter. 


The filter 
cutoff 
frequency 
is set by an internal 
clock 


which 
can be externally 
driven. 
The clock 
to cutoff 


frequency 
ratio 
is 100:1, allowing 
clock 
ripple 
to be 
easily 
removed. 


The MAX280 is an enhanced 
version 
of the LTC1062. 


Enhancements 
include 
tighter 
specifications 
on the 


internal 
clock 
oscillator 
frequency 
and 
the 
buffer 


amplifier 
offset 
voltage. 


Anti-Aliasing 
Filter 


Data Loggers 


Digital 
Voltmeters 


Weigh Scales 


Strain 
Gauges 


• 
Lowpass 
Filter with 
No DC Error 


• 
Low Passband 
Noise 


• 
DC to 20kHz Cutoff 
Frequency 


• 
5th Order 
All Pole Filter 


• 
Internal 
or External 
Clock 


• 
Cascadable 
for Higher 
Order 
Rolloff 


• 
Buffered 
Output 
Available 


• 
8-Pin 
DIP or 16·Pin SOIC 
Ordering Information 


PART 
TEMP. RANGE 
PACKAGE 


MAX280CPA 
O·C to +lO·C 
8 Lead Plastic DIP 


MAX280CWE 
O·C to +lO·C 
16 Lead Wide SO 


MAX280EPA 
-40·C 
to +85·C 
8 Lead Plastic DIP 


MAX280EWE 
-40·C 
to +85·C 
16 Lead Wide SO 


MAX280MJA 
-55·C 
to +125·C 
8 Lead CERDIP 


LTC1062CN8 
-40·C 
to +85·C 
8 Lead Plastic DIP 


LTC1062CJ8 
_40· C to +85· C 
8 Lead CERDIP 


LTC1062CS 
-40· C to +85· C 
16 Lead Wide SO 


LTC1062MJ8 
-55·C 
to +125·C 
8 Lead CERDIP 


• 
BoUT 


OUT 


y+ 


5 
Cosc 


FB 
1 


AGND 


V- 


DIVIDER 
• 
RATIO 
8-Pin 0.300" DIP 


NlC 
1 


NlC 
2 


FB 
3 


AGND 
V- 
5 


DIVIDER RATIO 
• 


NlC 
7 


NlC 
• 


5th Order, Zero DC Error, Lowpass Filter 


Total Supply 
Voltage 
(V' to V-) 
18V 
Input 
Voltage 
at Any 
Pin 
v- -0.3V 
~ VIN ~ V· +0.3V 
Operating 
Temperature 
MAX280CXXlLTC1062C 
-O°C to +70°C 
MAX280EXX 
-40° C to +85° C 
MAX280MXX/LTC1062M 
-55°C 
to +125°C 


Storage 
Temperature 
-65°C 
to +160°C 
Lead Temperature 
Range 
(Soldering, 
10 sec) 
..... 
+300°C 
Power 
Dissipation 
Plastic 
DIP (derate 
6.25mW/oC 
above 70°C) 
500mW 
CERDIP 
(derate 
8.00mWfOC 
above 70°C) 
640mW 
SO (derate 
9.52mWfOC 
above 70°C) 
762mW 


Stresses 
above 
those listed under 
"Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to the device. 
These Bfe stress ratings 
only and 
functional 
operation 
of the device at these or any other 
conditions 
above 
those indicated 
in the operational 
sections 
of the specification 
;s not 
implied. 
Exposure 
to absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device reliability. 


ELECTRICAL CHARACTERISTICS 
(V' = +5V, V- = -5V, TA = 25°C, 
unless 
otherwise 
specified, 
AC output 
measured 
at pin 7, Figure 
1.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Operating 
Supply 
Voltage 
Dual Supply 
±2.375 
±8.0 
V 
Single 
Supply 
4.75 
16.0 


Cosc 
(Pin 5 to V-) = 100pF 
Power 
Supply 
Current 
TA = 25°C 
5.0 
7.0 
mA 
TA = TMIN to TMAX 
5.0 
10.0 


Input 
Frequency 
Range 
0-20 
kHz 


Filter 
Gain 
at 
fCLK = 100kHz, 
Pin 4 at V' 


C = O.Q1I1F,R = 25.78kO 
fiN = 0 
0 
fiN = 0.5fc 
(Note 
1) 
-0.02 
-0.3 
fiN = fc 
TA = TMIN to TMAX 
-2 
-3 
dB 
fiN = 2fc 
TA = TMIN to TMAX 
-28 
-30 
fiN = 4fc 
TA = TMIN to TMAX 
-54 
-60 


Clock 
to Cutoff 
Frequency 
Ratio 
feLK = 100kHz, 
Pin 4 at V' 
100 ± 1 
feLK/fe 
C = O.OlI1F, R = 25.78kO 


Filter 
Gain 
at fiN = 16kHz 
feLK = 400kHz, 
Pin 4 at V· 


C = O.OlI1F, R = 6.5kO 
-48 
-52 
dB 
TA = TMIN to TMAX 


feLK/fe Tempeo 
Same as above 
10 
ppm/oC 


Filter 
Output 
(Pin 7) DC Swing 
Pin 7 buffered 
with 
an ext op 
±35 
±38 
V 
amp TA = TMIN to TMAX 


Clock 
Feedthrough 
10 
mVpp 


INTERNAL 
BUFFER 


Bias Current 
TA = 25°C 
2 
50 
pA 
TA = TM1Nto TMAX 
170 
1000 


Offset 
Voltage 
MAX280 
0.2 
2 
mV 
LTC1062 
2 
20 


Voltage 
Swing 
Rl 
= 20kO; TA = TMINto TMAX 
±3.5 
±3.8 
V 


Short 
Circuit 
Current 
Source/Sink 
30/2 
mA 


CLOCK 
(NOTE 
2) 


Cose (Pin 5 to 
MAX280 
31 
35 
39 
V-) = 100pF 
LTC1062 
25 
35 
50 
Internal 
Oscillator 
Frequency 
kHz 


TA = TM1Nto TMAX 
MAX280 
29 
35 
43 
Cose (Pin 5 to 
LTC1062 
15 
35 
65 
V-) = 100pF 


Max Clock 
Frequency 
4 
MHz 


Cose Input 
Sink/Source 
Current 
TA = TMINto TMAX 
25 
80 
IJA 


Note 
1: 
fe is the frequency 
where 
the gain is -3dB 
with 
respect 
to the input 
signal. 


Note 2: 
The external 
or driven clock 
frequency 
is divided 
by either 
1, 2, or 4 depending 
upon the voltage 
at pin 4. When pin 4 = 


V', feLK/fe = 100; when 
pin 4 = GND, feLK/fe = 200; pin 4 = V-, fCLK/fe = 400. 
6-80 
/~I/JXI/~1 
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PIN # 
NAME 
FUNCTION 


1 
FB 
External 
capacitor 
couples 
to the 


chip 
through 
this pin. 


2 
AGND 
Ground. 
Connect 
to system 
ground 
for dual supply 
operation 
or mid-supply 
for single operation. 


This 
pin should 
be well bypassed 


using 
a large capacitor 
for single 


supply 
operation. 


3 
V- 
Negative 
supply 
voltage 


4 
DIVIDER 
The oscillator 
frequency 
is divided 
RATIO 
by either 
1, 2, or 4 depending 
upon 
the voltage 
on this pin. This 
in turn 
gives a clock 
to cutoff 
frequency 
ratio when 
tied to V+ of 
100:1; when 
tied to GND of 200:1; 
and when 
tied to V- of 400:1. 


PIN # 
NAME 
FUNCTION 


5 
Cosc 
Clock 
input 
pin for external 
clock 


applications. 
For internal 
clock 


operation 
connect 
an external 


capacitor 
between 
this pin and 
V-. 


6 
V+ 
Positive 
supply 
voltage 


7 
OUT 
Input to on-chip 
buffer 
amplifier 


8 
BOUT 
Output 
of buffer 
amplifier 


GAIN 
NORMALIZED 
TO CUTOFF 
FREQUENCY 
(Vs = ±5V) 


0 


-10 


-20 


iil 
-30 
~ 
-40 
z< 
-50 
Cl 


-60 


-70 


-80 


Vs; 
±5V 
TA ; 25°C 
\ 
_1_;~ 


2"RC 
1.62 , 


~ 
~ 
I~ 


'CLK ; 1MHz, lc ; 10kHz V 
'CLK ; 500kHz, 
fc ; 5kHz 7 


'CLK ; 100kHz, fc ; 1kHz-< 
'CLK ; 10kHz, lc ; 100Hz 


GAIN 
YS. 
INPUT 
FREQUENCY 


10 


0 


-10 


iil 
-20 
~ 
z 
-30 
< 
Cl 
-40 


-50 


-60 


-70 
0.1 
1.0 
10.0 


f'N/lc 


/""I/JXI/""I 


GAIN 
NORMALIZED 
TO CUTOFF 
FREQUENCY 
(Vs = ±2.5V) 


0 


-10 


-20 


iil 
-30 
~ 
-40 
z< 
-50 
Cl 


-60 


-70 


-80 


Vs ; ±2.5V 
TA ; 25°C 
\ 
1 
fc 


2"RC 
1.62 , 
~ 
~:-- 
I~ 


fCLK ; 1MHz, lc ; 10kHz 
.J 


'CLK ; 500kHz, 
lc ; 5kHz-= 


'CLK ; 100kHz, 
lc ; 1kHz -= 


'CLK ; 10kHz, lc ; 100Hz 


PASSBAND 
GAIN 
YS. INPUT 
FREQUENCY 


+8.0 


+6.0 
iil +4.0 
~ 
z 
+2.0 
< 
Cl 
0 
0 
Z 
<I: 
-2.0 
III 
'"'" 
-4.0 
~ 


-6.0 


1 
Ie 


2.RC ~ti3---... 


, 
'e 
--- .••1/ 
2.RC "1:29 --- 


, 
Ie 


"'II' 
2ITRe" 
1.46 -- 


, 
Ie 
--- 


2ITRe 
= 1.62 - -..... 


, ~ Ie 


2ITRe 
1.78 
--- ....... 
r: 


1 
'e 


2JTRC = 1.94 
--- 


....... 


21T~C" 
2~~1- 
==:::::::. 
Vs = ±5V 
- 
TA = 25"C 


I 
'CUt = 100kHz 


0.3 
0.5 
0.70.91.1 


f'N/lc 


PASSBAND 
PHASE SHIFT 
YS. INPUT 
FREQUENCY 


Vi 
-30 
wwa: 
-60 
Cl 
we. 


-90 
......I 
-120 
'"w 
'" 
-150 
<I:r 
Q. 


-180 


........... 


\ 


Vs ; ±5V 
'CLK ; 100kHz 
1 
_'_C_ 
; 


2"RC 
1.62 
TA; 
25°C 


CUTOFF 
FREQUENCY 


YS. COSC 


0.2 
0.3 
0.4 0.50.6 
0.8 
1 


flN/lc 


wo 
10 
z~ 
(j~ 


~ 
0.1 
u.,oo 
0.01 


10 
100 
1K 
10K 


fc (Hz) 
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NORMALIZED 
OSCILLATOR 
FREQUENCY 
'osc 
liS. SUPPLY VOLTAGE 


OSCILLATOR 
FREQUENCY, 
'osc 
liS. 
AMBIENT 
TEMPERATURE 


POWER SUPPLY 
CURRENT 
liS. POWER 
SUPPLY VOLTAGE 


>lill.3 
w 
::;)g1.2 
a:... 
a: 
1.1 
o 
~ 
•.• 
1 
~ 
00.9 
ow 
~ 0.8 
« 
:IE 
~ 
0.7 


z 
5 
7 


ir'1\ 


1/ 
\. 


I 
\ 


'\ 


..••.. 


i'o 


<" 
oS 
6 
I- 
Zwa: 
~ 
4 
(.) 
~ 
3 
~ 
::;) 
Ul 


ti 160 
zw 
::;)o 
~ 140 
... 
a:g 


~ 120 
... 
~o 
100 
-so 
-25 
0 
25 
50 
75 
100 
125 


AMBIENT 
TEMPERATURE 
(0C) 


911131517 


VSUPPlY (V) 


VARIATION 
OF 
PASSBAND 
GAIN 
WITH 
TEMPERATURE 


TA = 125°C 


'I 
-- 
~ 


Vs = ±SV 
IClK = 100kHz 


_1_=~ 
TA = 25°C 


21TRC 


11.62 


__________ 
Introduction 


Figure 1 illustrates the architecture 
of the circuit. The 


output 
voltage 
is sensed through 
an internal buffer, 
then applied to an internal switched capacitor network 
which drives the bottom plate of an external capacitor 
to form 
a 5th order 
lowpass 
filter. 
The input 
and 


output 
appear across an external resistor and the IC 


part of the overall filter handles only the AC path of 
the 
signal. 
The 
DC offsets 
of the 
buffer 
and the 


switched capacitor 
network are blocked by the capa- 


citor and do not appear at the zero offset output pin. 


Use of this external resistor and capacitor 
also auto- 


matically 
provides the required anti-aliasing 
filtering 


for the sampled filter. Further, low frequency noise in 
the filter 
IC is attenuated 
by the external 
capacitor 


since any noise at the FB pin goes through a highpass 
path 
to 
the 
filter 
output. 
The 
filter 
output 
pin 
is 


unbuffered. This signal can be buffered by the on-chip 
buffer 
or by a high accuracy 
op amp (such as a 


o 
4 
6 
8 
10 
12 
14 
16 
18 


POWER 
SUPPLY 
(V) 


PASSBAND 
GAIN 
liS. INPUT 
FREQUENCY 


+0.4 


+0.3 


+0.2 


+0.1 


III 
0 
" 


-0.1 


-0.2 


-0.3 


VS=±sv ,t~-~Ic 
TA = 25°C 
21TRC -\ 1.61 
IClK = 100kHz 
I~ 
1.62 


Ic' 
1.63 \ 


1.&(, 
'~ 
~J 


~ 
~ 


Ic c- -!£.. 
1.~S 
1.66 


0.3 
0.5 
0.7 0.9 1.1 


I'N/'c 


chopper 
stabilized 
op amp) to obtain a buffered DC 


accurate 
system. The on-chip 
buffer 
has an offset 


voltage 
of 2mV for the MAX280 and 20mV for the 


LTC1062. The offset voltage for both devices have a 
typical tempco of 1/lVioC. 
______ 
Detailed Description 


Clock Requirements 


Using Dlllider Ratio 


DIVIDER RATIO sets the ratio between the internal 
fCLK(supplied to the MAX280/LTC1062) and fose (the 
output at the DIVIDER RATIO pin). Connect DIVIDER 
RATIO to V+for a 1/1,to GND for a 1/2, and to V- for a 
1/4 fCLK/fosc ratio. 


Using Internal Oscillator 


The 
internal 
140kHz (nominal) 
oscillator 
frequency 
can be modified by connecting 
an external capacitor 
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in parallel with the on-chip 33pF capacitor; from the 
Cose 
pin 
to 
GND 
(or 
to 
V- 
if the 
capacitor 
is 
polarized). 


The clock frequency 
can be calculated 
by: 


fose = 140kHz (33pF/(33pF+Coscl) 
(1) 


Due to process tolerances, fpsc can vary by ±62.5% 
in the 
LTC1062. In the MAX2BO, on-chip 
trimming 


reduces the fose tolerance to ±19.5%. The oscillator 
frequency 
can be adjusted by adding a series poten- 
tiometer 
between the capacitor and the Cose pin as 
shown 
in 
Figure 
2. The 
new 
frequency 
can 
be 
computed 
as: 


f'ose = fose/(1-4RCosefoscl 
(2) 
where fosS 
is the value of the oscillator 
frequency 
when R = 
. When an external potentiometer 
is used, 
the new value of the oscillator 
frequency 
is always 
higher 
than the one calculated 
in (equation 
1). To 
achieve a wide tuning 
range, calculate 
(equation 
1) 


the ideal fose, Cose pair, then double the value of 
Cosc and use a 50k potentiometer to adjust f'ose. For 
example: to obtain a 1kHz oscillator frequency, Cose 
is 3900pF. By using 6800pF for Cose and a 50kO 
potentiometer, 
the clock frequency 
can be adjusted 
from 500Hz to 1.56kHz. The internal oscillation 
fre- 
quency 
can be measured directly 
at the Cose pin 
using a low capacitance probe. 


ZERO 
OFFSET 
OUTPUT 


.Y-!::1) 


...L.. 
(+2) 
~-- 
-=- 
(+4) 
-v •... -- 


8 
B~~~~~~D 
5 (2mY MAX Vos) 


ICose 


[ 
140kHz 
] 
cose= ---1 
33pF 
lose 


Using an External Clock 


The internal switched capacitor filter requires a clock 
100 times higher than the desired cutoff frequency. If 
an external clock is used the input on the Cosc pin 
must swing close to the power rails (V+,V-). Although 
standard 74HCOOseries CMOS gates do not guarantee 
CMOS levels with the source and sink currents of the 
Cpse 
pin, they 
will 
in reality 
drive the Cose 
pin. 
CMOS gates conforming 
to standard B series output 
drive have the appropriate 
voltage levels and current 
to simultaneously 
drive several chips. The typical trip 
levels of the internal Schmitt trigger sensing Cose pin 
are: 


POWER 
SUPPLY 
TRIP 
LEVEL 
v· = +2.5V 
V- = -2.5V 
V,H = O.9V 
V'L = -1.15V 
V· = +5.0V 
V- = -5.0V 
V'H = lAV 
V'L = -2.1V 
V· = +6.0V 
V- = -6.0V 
V'H = 1.7V 
V'L = -2.5V 
V· = +5.0V 
V- = OV 
V'H = 3AV 
V,L = 1.35V 
v· = +10V 
V- = OV 
V,H = 6AV 
V'L = 2.9V 
v· = +15V 
V- = OV 
V,H = 9.5V 
V'L = 4.1V 


Choosing External Resistor 
and Capacitor Values 


The external resistor and capacitor 
is used as part of 
a feedback loop for the filter and also forms one pole. 
The internal 4 pole switched capacitor filter is driven 
by a clock 
which 
also determines 
the filter 
cutoff 
frequency. 
For a maximally flat amplitude 
response, 


the clock 
should 
be 100 times 
the desired 
cutoff 


frequency 
and the resistor and capacitor 
should be 
chosen such that: 


~ 
1.62 
27TRC 


where fe = filter cutoff frequency, (-3dB point) 


For example to implement a 10Hz cutoff filter, a 1kHz 
clock is required with 1I27TRC= 10Hz/1.62 = 6.17Hz. 


Typically 
R is chosen to be around 20kO. The mini- 


mum value of R depends upon the maximum 
input 
signal, and the current sinking capability of the FB pin 
(typically 
1mAl. So for a 1V peak-to-peak 
signal, the 
minimum value of the resistor is 1kO. 


The passband response for values of 1/(27TRC)around 
(fe/1.62) can be seen on the Passband Gain vs. Input 
Frequency 
plot (see Typical Operating 
Characteris- 
tics). If maximum 
flatness is required 
(as in Butter- 
worth 
filters), 
the RC product 
should 
be well con- 


trolled. 
When the input resistor and capacitor cutoff 
frequency 
approaches 
the cutoff 
frequency 
of the 


on-chip 
4th order filter, response peaking becomes 
severe as can be seen in the response plots. However 
the attenuation 
slope is virtually 
unaffected 
by the 
resistor and capacitor 
since it is set by internal cir- 


cuitry. 
This 
can 
be seen 
in 
the 
Gain 
vs. 
Input 


Frequency plot. 


For wide temperature range applications NPO ceramic 
capacitors 
are 
recommended. 
Their 
tempcos 
are 


around 
±20ppm 
and values are available to 0.1pF. 
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Other ceramic capacitors 
are not recommended 
due 
to their large tempcos. 
Mylar, polystyrene 
and poly- 
propylene 
capacitors 
all provide 
acceptable 
perfor- 
mance. Solid tantalum capacitors connected 
back-to- 


back and disc ceramic capacitors introduce additional 
passband errors (0.05-0.1dB). 


Applications 
Information 


Filter Input Voltage Range 


Every node of the filter typically 
swings within 
1V of 
both supplies. 
With the appropriate 
external 
resistor 
and capacitor values, the amplitude response of all the 
internal and external nodes should not exceed a gain 
of OdB with the exception of the FB pin. The amplitude 
response 
of the FB pin, where some peaking 
may 
occur, is shown 
in Figure 3. For an input frequency 
around 
0.8fe, the gain is 1.7VN and, with ±5V sup- 
plies, 
the 
peak-to-peak 
input 
voltage 
should 
not 
exceed 
4.7V. If the input voltage 
goes beyond 
this 
value, clipping 
and distortion 
of the output waveform 
may occur; 
however, the filter will not be damaged. 


The 
absolute 
maximum 
input 
voltage 
to 
any 
pin 
should not exceed the power supplies. 


Interna' Buffer 


The internal output buffer of the FB pin and the OUT 
pin is part of the AC signal path. Hence capacitive 
loading 
greater than 30pF may cause gain errors in 


the 
passband 
around 
the 
cutoff 
frequency. 
The 
internal 
buffer can also be used as the filter output, 
however, there will be a few millivolts 
of output offset. 


Filter Attenuation 


The rolloff 
is 30dB/octave. 
When the clock 
rate is 


increased and hence the cutoff frequency is increased, 
the filter's maximum attenuation 
decreases as shown 


in the Typical Operating Characteristics. 
This decrease 


is caused by roll off at higher frequencies 
of the loop 
gains of the various internal feedback paths and is not 
due to any increase in noise floor. 


6 


4 


2 


0 


CD 
-2 


:!!. 
-4 
z 
~ 
-6 
,'; 
-8 


-10 


-12 


_ 
Vs = ±5V III 


1 
--!L 


i.o' 
2"RC 
1.62 


\, 


Filter Noise 


The filter wideband 
noise 
is typically 
90pVRMS with 
±5V supplies and typically 80pVRMS for ±2.5V supplies 
or a +5V single supply. This value is nearly independent 
of the cutoff 
frequency. 
The noise spectral 
density, 


unlike 
conventional 
active filters, 
is nearly zero for 


frequencies 
below 0.1 fe. Roughly 
2/3 of the entire 


wideband 
noise is in the band DC to fe. 


D'ansient Response 


Figure 4A shows the step response of the filter. This 
response 
approximates 
that 
of an ideal 
5th 
order 


maximally 
flat (Butterworth) 
filter. The ringing 
in the 


transient 
response can be reduced by using a Bessel 


filter. The Bessel filter response can be approximated 
by setting 1/27TRCto fe/2 instead of fc!1.62. Figure 4B 
shows the step response of the Bessel approximation. 


Figure 
4A. Step Response 
of Butterworth 
Approximation 


1 
fc 


21TRC 
= 
1.62 
,(1mS/div., 
O.5V/div.) 


Figure 
4B. Step Response 
of Bessel 
Approximation 


1 
~ 
. 
. 


21TRC 
= -2- ,(1mS/d,v., 
O.5V/d,v.) 
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Anti-Aliasing 


The internal 
4th order switched 
capacitor 
filter 
is a 
sampled device and as such will alias unless preceded 
by a band limited signal, or a continuous 
non-sampled 
filter. The external resistor and capacitor used to form 
the 5th filter 
pole also automatically 
provides 
this 
function. 
Attenuation 
is greater 
than 
43dB 
at the 
Nyquist frequency. 


Single Supply Operation 


Figure 5 shows a schematic 
for single supply opera- 
tion. 
The 
AGND 
pin 
and the OUT 
pin should 
be 
biased at 1/2 supply. The value of the resistors R1 and 
R2 should 
be chosen to conduct 
100jJA or more. R' 
DC biases the buffer and C' isolates the buffer from 
the DC value of the output. 
Under these conditions 


the external resistor and capacitor should be adjusted 
such that (1/27rRC) = fd1.84. 
This accounts 
for the 
extra loading of the R',C' combination. 
R' and C' are 
not 
required 
if the 
input 
voltage 
has a DC value 
around 1/2 supply. If an external capacitor 
is used to 
activate the internal oscillator, its bottom plate should 
be tied to system ground. The AGND pin should also 
be bypassed by a decoupling 
capacitor. 
Clock Feedthrough 


Clock feedthrough 
can be reduced by using a resistor 
and capacitor at the buffered output pin provided that 
this pin is used as an output. If an external op amp is 


THE 
MAX430 
IS CONNECTED 
AS A 2nd ORDER 
SALLEN 
AND 
KEY LOWPASS 
FILTER WITH 
A 
CUTOFF 
FREQUENCY 
EQUAL 'ro THE 
MAX280. 


THE 
ADDITIONAL 
FILTERING 
ELIMINATES 
ANY 
10kHz CLOCK 
FEED THROUGH 
PLUS 
DECREASES 
THE 
WIDEBAND 
NOISE 
OF THE 
FILTER. 


DC OUTPUT 
OFFSET 
(REFERRED 
TO A DC GAIN 
OF 
UNITY) 
= 5iJV Max. 


WIDEBAND 
NOISE 
(REFERRED 
TO A DC GAIN 
OF 
UNIT) 
= 6Op!VRMS 


used 
to 
buffer 
the 
DC accurate 
output, 
an 
input 
resistor and capacitor 
can be used to eliminate clock 
feedthrough 
(see Figure 6) and further 
reduce the 
attenuation 
floor of the filter. 


R 
V'N:l 


+5V 
c 


R1 


25k 


DC 
ACCURATE 


OUTPUT[ 


FOR A 10Hz FILTER R = 29.41<0, C = l/lF, 
'ClK 
= 1kHz 


THE 
FILTER IS MAXIMALLY 
FLAT FOR 
__ 
1_ 
= _'_C_ 


21TRC 
1.84 


DC GAIN 
1 
10 
101 


OUTPUT 
FILTER COMPONENT 
VALUES 


R3 
R4 
R1 
R2 
C1 
o 
14.3k 
53.6k 
O.lJJF 
3.57k 
32.4k 
4.6k 
27.4k 
O.lJJF 
0.324 
32.4k 
O.31k 
16.9k 
0.47JJF 


C2 
0.033JJF 
0.2JJF 
1JJF 
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Cascading for Higher Order Filters 


Two 
chips 
can 
be cascaded 
with 
or without 
inter- 


mediate 
buffers. 
Figure 7A shows a DC accurate 
10th 
order lowpass filter. The unbuffered 
output 
of the first 


chip directly 
drives the next stage input. To minimize 
loading 
the first resistor and capacitor, 
the next stage 


R' should 
be much larger. The recommended 
ratio of 


R/R' 
is 117:1. The 
values 
chosen 
were 
1/(27TRC) = 
fc/1.57 
and 1/(27TR'C') = fc/1.6. 
For example, 
for f.c = 


4.16kHz, fCLK = 416kHz, R = 9090, 
R' = 107kO, C = 


0.066pF, C' = 574pF. For this example 
the maximum 
passband 
error 
occurs 
around 
0.5fc 
and is -0.6dB. 


Figure 
6B corrects 
for 
loading 
the 
buffered 
output 


when the first stage is used to drive the input of the 
next stage. This 
introduces 
a maximum 
DC error 
of 
2mV over temperature 
using the MAX280. Now Rand 
R' can be similar 
in value and the passband 
gain error 


is reduced typically 
-0.15dB. The RC values used were 


1/(27TRC) = fe/1.59 and 1I(27TR'C') = fc/1.64. 


Creating Notch Filters 


The MAX280/LTC1062 
can be used to create a notch 
because the frequency, 
where it exhibits 
-1800 
phase 


shift, 
is inside 
its passband 
as shown 
in Figure 8A. It 
is repeatable 
and 
predictable 
from 
part-to-part. 
An 


input 
signal 
can be summed 
with 
the output 
of the 


filter to form a notch as shown in Figure 8B. The 180 


0 


phase 
shift 
of the 
MAX280/LTC1062 
occurs 
at fC.L.K/ 


118.3 or 0.85 times the low pass cutoff 
frequency. 
For 
instance, 
to obtain a 60Hz notch, the clock frequency 


should 
be 7.098kHz and the input (1I27TRC) should 
be 
approximately 
70.98HzI1.63. 
The optional 
(R2C2) 
at 


the output filters the clock feedthrough. 
The 1/27TR2C2 


should 
be 12-15 times the notch frequency. 
The major 


advantage 
of this 
notch 
is its wide 
bandwidth. 
The 


input 
frequency 
range 
is not 
limited 
by the 
clock 


frequency 
because 
the 
MAX280/LTC1062 
by 
itself 
does not alias. 


The circuit 
of Figure 
8C is an extension 
of the pre- 


vious notch filter. The input signal is summed 
with the 
lowpass 
filter 
output 
through 
A1, 
as 
previously 
described; 
then, 
the output 
of A1 is again 
summed 
with the input 
voltage 
through 
A2. 


R6 = R2 = R3 = R7 and R4 = R5 = 0.5R7, the output 
of 
A2, at least theoretically, 
should 
look 
like the output 


of 
MAX280/LTC1062, 
the 
BOUT pin. 
If the 
ratio 
of 


10Hz,10thORDERDCACCURATELOWPASSFILTER 
6OdB/OCTAVE 
ROLLOFF 
O.5<lBPASSBANDERROR,OdBDC.GAIN 
MAXIMUM 
ATTENUATION 
110dB(lelK = 10kHz) 
l00dB(IClK = 1kHz) 
95dB(IClK = lMHz) 
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(R6/R5) 
is slightly 
less than 2, a notch 
is introduced 
in the stopband 
of the filter 
as shown 
in Figure 
80. 
The overall 
filter 
response 
looks 
pseudoelliptic 
low- 
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Figure 
BA. Phase 
Response 
of the MAX2BO/LTC1062 
for 
Various 
Input 
(R, C)s 


pass. The frequency 
of the notch 
is at fC~t<;/47.3and 
the value of the resistor 
ratio (R6/R5) shoUld be equal 
to 1.935. 
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CONTROL 
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GROUND, 
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5th-Order, 
Zero-Error, Bessel Lowpass Filter 
General Description 


The MAX281 is a 5th-order 
all-pole 
instrumentation 
lowpass 
filter 
with 
no DC error. The filter 
uses an 
external resistor and capacitor to isolate the integrated 
circuit 
from the DC signal path, thus providing 
DC 
accuracy. 


The external 
resistor and capacitor together with the 
on-chip 4th-order switched capacitor filter form a 5th- 
order 
Bessel 
lowpass 
filter. 
Bessel 
lowpass 
filters 
provide linear phase (constant group delay) response 
from 
DC to beyond the filter cutoff 
frequency, 
with 
some reduction 
in stopband attenuation. 


The filter cutoff frequency is set by a clock which can be 
either internally generated or externally provided. The 
clock 
to cutoff 
frequency 
ratio 
of 101 allows 
easy 
removal of clock ripple. 


MAX281 A 
provides 
tighter 
specfications 
than 
the 
MAX281B for internal clock oscillator 
frequency 
and 
buffer amplifier offset voltage. 


MAX280 
is available 
for 
applications 
requiring 
a 
maximally flat (Butterworth) 
amplitude response. 


Anti-Aliasing 
Filters 


Data Loggers 


Digital Voltmeters 


Weigh Scales 


Strain Gauges 


5TH-ORDER 
BESSEL 
LOWPASS FILTER 


• 
Bessel Lowpass Filter with No DC Error 


• 
Low Passband Noise 


• 
DC to 20kHz Cutoff Frequency 


• 
5th-Order All-Pole Bessel Response 


• 
Internal or External Clock 


• 
Cascadable for Higher Order Rolloff 


• 
Buffered Output Available 


• 
8-Pin DIP or 16-Pin Wide SO Packages 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MAX281 ACPA 
O°C to +70°C 
8 Plastic DIP 


MAX281 BCPA 
O°C to +70°C 
8 Plastic DIP 


MAX281ACWE 
O°C to +?OoC 
16 Wide SO 


MAX281 BCWE 
O°C to +70°C 
16 Wide SO 


MAX281C/D 
O°C to +?OoC 
Dice 


MAX281AEPA 
-40° C to +85° C 
8 Plastic DIP 


MAX281BEPA 
-40°C 
to +85°C 
8 Plastic DIP 


MAX281AEWE 
-40°C 
to +85°C 
16 Wide SO 


MAX281BEWE 
-40°C 
to +85°C 
16 Wide SO 


MAX281AMJA 
-55°C 
to +125°C 
8 CERDIP 


MAX281BMJA 
-55°C 
to +125°C 
8 CERDIP 
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5th-Order, 
Zero-Error, 
Bessel Lowpass Filter 


ABSOLUTE MAXIMUM RATINGS 
Total Supply 
Voltage 
(V+ to V-) 
17V 
Operating 
Temperature 


Input 
Voltage 
at Any Pin 
V- (-0.3V):S 
V,N:S V+ (+0.3V) 
MAX281_C 
__ 
-O°C to +70°C 


Power 
Dissipation 
MAX281_E 
__ 
-40°C 
to +85°C 


Plastic 
DIP (derate 
at 6.25mW/oC 
above 70°C) 
500mW 
MAX281_M 
__ 
-55°C 
to +125°C 


CERDIP 
(derate 
at 8.00mW/oC 
above 70°C) 
640mW 
Storage 
Temperature 
Range 
-65°C 
to +160°C 


SO (derate 
at9.52mW/oC 
above 70°C) 
762mW 
Lead Temperature 
Range (Soldering, 
10 sec.) 
+300°C 


Stresses 
beyond 
those listed under 
''Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to the device. 
These are stress ratings 
only, and 
functional 
operation 
of the device at these or any other conditions 
beyond 
those indicated 
in the operational 
sections 
of the specifications 
is not 
implied. 
Exposure 
to absolute 
maximum 
rating conditions 
for extended 
periods 
may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(V+ = +5V, v- = -5V, TA = +25°C, unless otherwise 
noted, AC output 
measured 
at OUT pin, Figure 
1.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Operating 
Supply 
Voltage 
Dual Supply 
±2.375 
±8 
V 
Single Supply 
4.75 
16 


Power-Supply 
Current 
COSC (Pin 5 to V-) 
= 100pF 
mA 
TA = TMINto TMAX 
5 
10 


Input Frequency 
Range 
0-20 
kHz 


Filter Gain at 


fiN = 0 
fCLK= 100kHz 
TA = +25°C 
0 
fiN = 0.5fc (Note 1) 
Pin 4 at V+ 
-0.9 
-1.2 


fiN = fc 
C = O.OlpF 
-2.5 
-3.5 
dB 


fiN = 2fc 
R = 18.61kO 
TA= TMINto TMAX 
-12 
-14 
fiN = 4fc 
-35 
-39 


Clock to Cutoff 
Frequency 
Ratio 
fCLK= 100kHz, Pin 4 at V+ 
101 
fCLKifc 
C = O.OlpF, R = 25.78kO 


fCLK = 400kHz, 
Pin 4 at V+ 
Filter Gain at fiN = 4fc 
C = O.OlpF, R = 4.65kO 
-32 
-37 
dB 
TA = TMINto TMAX 


fCLK/fc Tempco 
Same as above 
10 
ppm/oC 


Filter Output 
(Pin 7) DC Swing 
Pin 7 buffered 
with an ext op 
±3.5 
±3.8 
V 
amp TA = TMINto TMAX 


Clock 
Feedthrough 
10 
mVp-p 


INTERNAL 
BUFFER 


Bias Current 
TA = +25°C 
2 
50 
pA 
TA = TMINto TMAX 
170 
1000 


Offset Voltage 
MAX281A 
0.2 
2 
mV 
MAX281B 
2 
20 


Voltage Swing 
20kO; TA = TMINto TMAX 
±3.5 
±3.8 
V 


Short-Circuit 
Current 
Source/Sink 
30/2 
mA 


CLOCK 
(NOTE 
2) 


COSC (Pin 5 to 
MAX281A 
31 
35 
39 
V-) 
= 100pF 
MAX281B 
25 
35 
50 


Internal 
Oscillator 
Frequency 
TA = TMINto TMAX 
kHz 


COSC (Pin 5 to 
MAX281A 
29 
35 
43 


V-) 
= 100pF 
MAX281B 
15 
35 
65 


Max Clock 
Frequency 
4 
MHz 


COSC Input Sink/Source 
Current 
TA = TMINto TMAX 
25 
80 
pA 


Note 1: 
fc is the corner 
frequency 
of the filter. 


Note 2: 
The external 
or driven clock frequency 
is divided 
by either 1, 2, or 4 depending 
upon the voltage at pin 4. When pin 4 = V+, 


fCLK/fc = 101; when pin 4 = GND, fCLK/fc = 202 when pin 4 = V-, fCLK/fc = 404. 


5th-Order, 
Zero-Error, Bessel Lowpass Filter 
__________________________ 
Pin Desf;ription 


NAME 
FUNCTION 


COSC 
Clock 
input pin for external 
clock 
applications. 
For internal 
clock 
operation, 
connect 
an external 
capacitor 
between 
this 
pin and V-. 


V+ 
Positive 
Supply 
Voltage 


OUT 
Input to on-chip 
buffer 
amplifier 


BOUT 
Output 
of buffer amplifier 


NAME 
FUNCTION 


FB 
External 
capacitor 
couples 
to the chip 
through 
this pin. 


AGND 
Ground. 
Connect 
to system ground 
for 
dual-supply 
operation 
or mid-supply 
for 
single operation. 
This pin should 
be well 
bypassed 
using a large capacitor 
for single- 
supply 
operation. 


V- 
Negative 
Supply 
Voltage 


DIVIDER 
Strapped 
to select clock to cutoff 
ratio 
RATIO 
(external 
clock), 
or internal 
divider 
ratio 
(internal 
oscillator). 
Voltage 
EXT 
INT 
at pin 4 
fosc/fc 
divisor 


V+ 
101 
1 
GND 
202 
2 
V- 
404 
4 


GAIN NORMALIZED 
TO CUTOFF 
FREQUENCY 
V+ = 5V, V- = -5V 


__________________ 
TYpical Operating Characteristics 


GAIN NORMALIZED 
TO CUTOFF 
FREQUENCY 
V+ = 5V, V- = -5V 
PASSBAND 
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5th-Order, 
Zero-Error, Bessel Lowpass Filter 
Typical Operating Characteristics (continued) 


NORMALIZED 
OSCILLATOR 
FREQUENCY 
fosc Ys. SUPPLY VOLTAGE 


OSCILLATOR 
FREQUENCY 
fosc Ys. 
AMBIENT 
TEMPERATURE 


POWER-SUPPLY 
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Introduction 


Figure 
1 illustrates 
the architecture 
of the circuit. 
The 
output 
voltage 
is sensed through 
an internal 
buffer, 
then applied to an internal switched 
capacitor 
network 
which 
drives the bottom plate of an external capacitor 
to form a 5th-order,lowpass 
filter. The input and output 
appear across an external 
resistor, and the IC part of 
the overall filter handles only the AC path of the signal. 
The DC offsets of the buffer and the switched-capacitor 
network are blocked by the capacitor 
and do not appear 
at the zero-offset 
output 
pin. 


Use of this external 
resistor 
and capacitor 
also auto- 
matically 
provides 
the required 
anti-aliasing 
filtering 
for the sampled 
filter. Further, low-frequency 
noise in 
the filter IC is attenuated 
by the external capacitor 
since 
any noise at the FB pin goes through 
a highpass path to 
the filter output. The filter output pin is unbuffered. 
This 
signal 
can be buffered 
by the on-chip 
buffer 
or by a 
high-accuracy 
op amp (such as a chopper stabilized op 
amp) to obtain 
a buffered 
DC accurate 
system. 
The 
on-chip 
buffer 
has an offset 
voltage 
of 2mV for the 
MAX281 A and 
20mV 
for 
the 
MAX281 B. The 
offset 
voltage 
for 
both 
devices 
have a typical 
tempco 
of 


1J1V/oC. 


_______ 
Detailed 
Description 


Clock Requirements 


The MAX281 operates either on its internal oscillator 
or 
an externally 
supplied 
clock. 


Using an Internal Oscillator 


The MAX281 
contains 
an internal 
140kHz 
(nominal) 
oscillator. 
This 
frequency 
can be modified 
by con- 
necting an external capacitor in parallel with the on-chip 
33pF capacitor; 
from the COSC pin to GND (or to V- if 
the capacitor 
is polarized). 


When using the internal oscillator, connect the DIVI DER 
RATIO pin to V+ for 1/1, to GND for a 2/1, and to V- for a 
4/1 fosc!feLK 
ratio. 


The oscillator 
frequency 
can be calculated 
by: 


fose = 140kHz (33pF/(33pF+Cose) 
) (1) 


Due to process tolerances, 
fose can vary P'I! ±62.5% in 


the 
MAX281 B. 
In the 
MAX281 A, 
on-chip 
trimming 
reduces 
the fose tolerance 
to ±19.5%. The oscillator 
frequency 
can be adjusted 
by adding 
a series poten- 
tiometer 
between 
the capacitor 
and the 
COSC 
pin 
(Figure 2). The new frequency 
can be computed 
as: 


f'ose = fosc!(1-4RCose 
fose) 
(2) 


where fose is the value of the oscillator 
frequency 
when 
R = O.When an external potentiometer 
is used, the new 
value of the oscillator 
frequency 
is always higher than 


the one calculated 
in (equation 
1). To achieve a wide 


tuning 
range, 
calculate 
(equation 
1) the 
ideal 
fose, 
Cose pair, then double the value of Cose and use a 50k 
potentiometer 
to adjust f' ose. For example, to obtain a 
1kHz oscillator 
frequency, 
Cose is 3900pF. By using 
6800pF for Cose and a 50kO potentiometer, 
the clock 


MAX281 
DC ACCURATE 
BESSEL 
LOWPASS 


R 
ZERO- 
OFFSET 
OUTPUT 


(-;-1) 
V+~-- 
...l.. 
(-;-2) 
--- 
-::' 
(~4) 
v-_-- 


Cose 
= [140kHZ-1] 33pF 
lose 


50k 


COSCPIN~ 


I 
6800pF 


frequency 
can be adjusted from 500Hz to 1.56kHz. The 
internal oscillation 
frequency 
can be measured directly 
at the COSC pin using a low-capacitance 
probe. 


Using an External Clock 


Depending 
upon the connection 
ofthe DIVIDER RATIO 
pin, the internal 
switched 
capacitor 
filter 
requires 
a 
clock 
101, 202, or 404 times 
higher 
than the desired 
cutoff frequency. 
If an external clock is used, the input 
on the COSC pin must swing close to the power 
rails 
(V+,V-). Although 
standard 74HCOOseries CMOS gates 
do not guarantee 
CMOS levels with the source and sink 
currents 
of the COSC pin, they will in reality drive the 
COSC pin. CMOS gates conforming 
to standard B series 
output 
drive 
have the appropriate 
voltage 
levels and 
current 
to simultaneously 
drive 
several 
chips. 
The 
typical trip levels of the internal Schmitt trigger sensing 
COSC pin are: 


POWER SUPPLY 
TRIP LEVEL 


V+ = +2.5V 
V- 
= -2.5V 
V'H = O.9V 
V'L = -1.15V 
V+ = +5V 
V- = -5V 
V'H = 1.4V 
V'L = -2.1V 
V+ = +6V 
V- = -6V 
V'H = 1.7V 
V'L = -2.5V 
V+ = +5V 
V- 
= OV 
V'H = 3.4V 
V'L = 1.35V 
V+ = +10V 
V- = OV 
V'H = 6.4V 
V'L = 2.9V 
V+ = +15V 
V- = OV 
V'H = 9.5V 
V'L = 4.1V 


5th-Order, 
Zero-Error, Bessel Lowpass Filter 


Choosing External Resistor 
and Capacitor Values 


The external resistor and capacitor 
are used as part of a 


feedback 
loop forthefilter 
and also forms one pole. The 


internal 
4-pole switched-eapacitor 
filter is driven by a 
clock which also determines 
the filter cutoff frequency. 


For a proper 
Bessel response, the clock and DIVIDER 


RATIO pin should 
be set to provide the desired cutoff 


frequency. 
Additionally, 
the 
resistor 
and 
capacitor 


should 
be chosen such that: 


~ 
1.1579 


1 


27TRC 


where fe = filter cutoff frequency. 


For example to implement 
a 10Hz cutoff filter, set: 


1/27TRC = 10Hz/1.1579 = a.6363Hz 


R is typically"" 
20kO. The minimum 
value of R depends 


upon the maximum 
input signal, and the current sinking 


capability 
of the FB pin (typically 
1mAl. So for a 1Vp_p 
signal, the minimum 
value of the resistor is 1kO. 


The passband 
response for values of 1/(27TRC) around 


(fe/1.1579) can be seen on the Passband Gain vs. Input 
Frequency 
plots 
(see Typical 
Operating 
Characteris- 


tics). 
For optimum 
Bessel response, 
the RC product 
should 
be well controlled. 
Note that an inaccurate 
RC 
product 
can cause excessive 
peaking 
at the FB pin 


(Figure 
3), which 
results in clipping 
and distortion 
of 


the output 
waveform. 


For wide temperature 
range applications, 
NPO ceramic 


capacitors 
are 
recommended. 
Their 
tempcos 
are 


around ±20ppm 
and values are available to 0.1JlF.Other 


ceramic 
capacitors 
are not recommended 
due to their 
large tempcos. 
Mylar, polystyrene 
and polypropylene 


capacitors 
all provide 
acceptable 
performance. 
Solid 


tantalum 
capacitors 
connected 
back-to-back 
and disc 


ceramic 
capacitors 
introduce 
additional 
passband 


errors (0.05-0.1 dB). 
_____ 
Applications Information 


Filter Input Voltage Range 


Every node of the filter typically 
swings 
within 
1V of 


both supplies. 
With the appropriate 
external 
resistor 
and capacitor 
values, the amplitude 
response of all the 
internal and external nodes should not exceed a gain of 
OdB with the exception 
of the FB pin. The amplitude 
response 
of the 
FB pin, 
where 
some 
peaking 
may 
occur, is shown in Figure 3. 


With 
±5V 
supplies, 
the 
peak-to-peak 
input 
voltage 
should 
not 
exceed 
6.5V. If the 
input 
voltage 
goes 
beyond this value, clipping 
and distortion 
of the output 
waveform 
may occur; 
however, 
the filter 
will 
not be 
damaged. The absolute 
maximum 
input voltage to any 
pin should 
not exceed the power supplies. 


Internal Buffer 


The internal 
output 
buffer of the FB pin and the OUT 


pin is part of the AC signal 
path. 
Hence, 
capacitive 


loading 
greater 
than 30pF can cause gain errors 
in 


the 
passband 
around 
the 
cutoff 
frequency. 
The 


internal 
buffer 
can also be used as the filter 
output, 


however, there will be a few millivolts 
of output 
offset. 


Filter Attenuation 


The 
rolloff 
is 30dB/octave. 
When 
the clock 
rate 
is 


increased and hence the cutoff frequency 
is increased, 


the filter's 
maximum 
attenuation 
decreases 
as shown 


in the Typical Operating 
Characteristics. 
This decrease 


is caused 
by rolloff 
at higher 
frequencies 
of the loop 


gains of the various internal feedback 
paths and is not 


due to any increase in noise floor. 


I 
_l_=_'c_ 
21TRC 
1.273 


1 
= 
tc 
21TRC 
1.390 


-1 


-2 


-3 
0.1 


Filter Noise 


The 
filter 
wideband 
noise 
is typically 
90JlVRMSwith 


±5V supplies and typically 
aOJlVRt-AS 
for ±2.5V supplies 


or a +5V single supply. This value IS nearly independent 
of the 
cutoff 
frequency. 
The 
noise spectral 
density, 


unlike 
conventional 
active 
filters, 
is nearly 
zero 
for 


frequencies 
below 
O.He. Roughly 
2/3 
of the 
entire 


wideband 
noise is in the band DC to fe. 


D'ansient Response 


Figure 4 shows 
the step response 
of the filter 
where 


fe = 1kHz. This response 
approximates 
an ideal 5th- 
order Bessel filter. The absence of overshoot 
is charac- 


teristic 
of the Bessel response. 
A nti·Aliasing 


The 
internal 
4th-order 
switched-capacitor 
filter 
is a 


sampled device, and as such will alias unless preceded 
by a band limited signal or a continuous 
non-sampled 


filter. The external 
resistor and capacitor 
used to form 


the 
5th 
filter 
pole 
also 
automatically 
provides 
this 


function. 
Attenuation 
is greater 
than 
35dB 
at the 


Nyquist 
frequency. 


5th-Order, 
Zero-Error, Bessel Lowpass Filter 


Single-Supply Operation 


Figure 5A shows a schematic 
for single-supply 
opera- 


tion. The AGND pin and the OUT pin should be biased 
at 1/2 supply. 
The value of the resistors, 
R1 and R2, 
should 
be chosen 
to conduct 
100pA or more. R' DC 
biases the buffer 
and C' isolates 
the buffer 
from 
the 
DC value of the output. 
Under 
these conditions, 
the 
external resistor and capacitor 
should be adjusted such 
that 
(1/2.".RC) 
= 1.2737. This 
accounts 
for the extra 
loading 
of the R',C' 
combination. 
R' and C' are not 


required 
if the input voltage has a DC value around 1/2 
supply. 
If an external 
capacitor 
is used to activate the 
internal 
oscillator, 
its bottom 
plate should 
be tied to 
system ground. The AGND pin should also be bypassed 
by a decoupling 
capacitor. 


Figures 58 and 5C illustrate the passband and stopband 
frequency 
response 
for both single- 
and dual-supply 
operation. 
Clock Feedthrough 


Clock feedthrough 
can be reduced by using a resistor 
and capacitor 
at the buffered 
output 
pin provided 
that 
this pin is used as an output. 
An active filter at the DC 
accurate 
output 
can act as a buffer and provide clock 


feedthrough 
filtering. 
Cascading for Higher Order Filters 


Two chips can be cascaded with or without 
intermediate 
buffers. 
Figure 6 shows a buffered 
arrangement 
which 
corrects for loading of the output when the first stage is 
used to drive the input of the next stage. This introduces 
a maximum 
DC errorof2mVovertemperatureatVOUT. 


R 
V'N:l 


+5V 
c 


DC·ACCURATE 
OUTPUT[ 


FOR A 1kHz FILTER R = 20.272kCl 
C = .OlJ.1F,'elK 
= 101kHz 


THE FILTER IS BESSEL 
FOR _1_ 
=_'0_ 
2>rflC 
1.2737 


iDi -2 
< 
Cl 


iD 
:!:!. -32 
z 
< 
Cl 


5th-Order, 
Zero-Error, Bessel Lowpass Filter 


Filtering 
High 
DC Voltages 


In Figure 7, a MAX281 removes undesired AC com- 
ponents from a DC voltage much higher than the 
operating voltage of the filter IC. This is possible due 
to 
the 
shunt 
architecture 
of 
these 
filters 
and 
is 


not generally possible with conventional 
active filter 
structures. 


INPUT 
100V DC + 
5Vp-p@ 
10kHz 


ADVANCE 
INFORMATION 


First Page of Data Sheet in Preparation 
~1I1~JXI~1I1 
8th-Order, Clock- Tunable Lowpass Filters 


_______ 
Genera' 
Description 


The MAX291-MAX297 
are a family of 8th-order lowpass 
fi~ers. The filter responses are fixed Butterworth, Bessel, 
or elliptic, with corner frequencies that are set over a 0.1 Hz 
to 50kHz range by adjusting the clock rate. 


The Bessel filter is suited for low overshoot applications, 
while the Butterworth 
offers minimum 
passband 
ampli- 


tude ripple. 
Elliptic filters provide the steepest gain rolloff 


of the three types at the expense of passband ripple. The 
MAX292 features a typical spurious-free 
dynamic 
range 
of 72dB at 1kHz, making it ideal for dynamic applications 
such as analog-to-digital 
converter anti-aliasing 
and dig- 


ital-to-analog 
converter output filtering. 


Filters with either 100: 1 or 50: 1 c1ock-to-corner frequency 
ratios are available. 
100:1 is recommended 
for corner 


frequencies 
up to 25kHz 
Between 25kHz and 50kHz, 
the 50:1 ratio filters are recommended. 


The MAX291-MAX297 
operate with either an internal or 


external clock. 
The internal clock frequency 
is set by a 


single external capacitor. 
An uncommitted 
op amp (non- 
inverting 
input grounded) 
is supplied 
to build a contin- 
ous-time lowpass filter for post-filtering 
or anti-aliasing. 


__________ 
App'ications 


Anti-Aliasing 
Filters 


DAC Post-Filtering 


50Hz/60Hz 
Line-Noise Filtering 


Noise Analysis 


8TH ORDER 


IN 
dBt=:1l. 
DU 


lelK 
100 
s-LJLrr 
CLK 


CMOS 
LEVEL 
CLOCK 


10Hz --. 
25MHz 


• 
Clock-Tunable 
Corner Frequency 


• 
0.1 Hz to 50kHz Corner-Frequency 
Range 


• 
Cascadable 
for Higher-Order 
Rolloff 


• 
Low Distortion - SFDR 72dB at 1kHz Typ 


• 
Internal or External Clock 


• 
Operate from Single +5V Supply or ±5V Supplies 


• 
8-Pin DIP/16-Pin SO Packages 


PART 
RESPONSE 
SHAPE 
CLOCK: CORNER- 
FREQUENCY 
RATIO 


MAX291 
Butterwoth 
100:1 


MAX292 
Bessel 
100:1 


MAX293 
Elliptic 
100:1 
(1.5 transition ratio) 


MAX294 
Elliptic 
100:1 
(1.5 transition ratio) 


MAX295 
Butterworth 
50:1 


MAX296 
Bessel 
50:1 


MAX297 
Elliptic 
50:1 
(1.5 transition ratio) 
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AN-7 
MAX132 
MAX135 
MAX151 
MAX153 
MAX155 
MAX156 
MAX162 
MAX163 
MAX164 
MAX167 
MAX171 
MAX172 
MAX174 
MAX176 
MAX178 
MAX180 
MAX181 
MAX182 
MAX183 
MAX184 
MAX185 
MAX190 
MX574A 
MX674A 
MX7572 
MX7821 


Don't 
Guess About NO Converter 
Needs 
7-9 
±32,768 
Count 
ADC with Serial 
Interface 
7-17 
±20,OOO Count 
ADC with Parallel 
Interface 
7-19 


300kHz 
10-Bit A/D 
Converter 
with Reference 
and T/H 
7-21 
400ns pP-Compatible, 
8-Bit ADC with Track/Hold 
7-33 


High-Speed, 
8-Bit ADC with 8 Simultaneous 
T/H and Reference 
7-35 


High-Speed, 
8-Bit ADC with 8 Simultaneous 
T/H and Reference 
7-35 


Complete 
High Speed CMOS 
12-Bit ADC 
7-37 


CMOS 
12-Bit ADC with T/H 
7-53 


CMOS 
12-Bit ADC with T/H 
7-53 


CMOS 
12-Bit ADC with T/H 
7-53 


Opto-Isolated 
Serial Output 
5.8ps 12-Bit ADC 
7-67 


Complete 
10ps CMOS 
12-Bit ADC 
7-77 


Industry 
Standard 
Complete 
12-Bit ADC 
7-81 


Serial-Output, 
12-Bit 250kS/S 
ADC 
..................................................•... 
7-97 
12-Bit NO Converter 
with T/H and Reference 
7-99 


Complete 
8/6-Channel, 
12-Bit Data Acquisition 
System 
7-111 


Complete 
8/6-Channel, 
12-Bit Data Acquisition 
System 
7-111 


4-Channel 
12-Bit ADC with T/H and Reference 
7-131 


High-Speed 
12-Bit ND Converter 
7-143 


High-Speed 
12-Bit ND Converter 
7-143 


High-Speed 
12-Bit A/D Converter 
7-143 


Low Power Single-Supply 
12-Bit Sampling 
ND 
7-155 


Industry 
Standard 
Complete 
12-Bit ADC 
7-81 


Industry 
Standard 
Complete 
12-Bit ADC 
7-81 


Complete 
High Speed CMOS 
12-Bit ADC 
7-37 
pP-Compatible, 
8-Bit ADC with Track/Hold 
7-157- 
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Self-Contained 
8-Ch 12-Bit System 


Simplifies 
"Analog In-to-Data 
Out" 


Each 100kHz (lOllS) Channel is IlP Configurable for Differential/ 
Single-Ended 
and Unipolar/Bipolar 
Analog Input Ranges 


You 
can 
now 
avoid 
interface 
problems 
like 


ground loops, noise coupling, voltage drops, and stray 
capacitances. 
Maxim's new MAXI SO complete 
data- 
acquisition 
system 
contains 
all necessary 
analog and 
digital functions: 
S-channel 
analog multiplexer, 
a wide- 
bandwidth 
track/hold, 
a 25ppml"C 
voltage reference, 


and 
a 7.5~s A/D 
with 
a fast, 
parallel 
S- or 
16-bit 


microprocessor 
interface. 
The entire 
system 
fits in 


one standard 
40-pin 
DIP or 44-pln 
PLCC package, 
and is fully tested 
and guaranteed 
for both 
DC and 
dynamic 
applications. 
In a typical 
system, 
Maxim's 
monolithic 
CMOS design 
reduces 
power 
consump- 


tion 
(l10mW), 
component 
count, 
cost 
and 
signifi- 


cantly minimizes 
board space and design 
time. 


For applications 
requiring 
a programmable-gain 


amplifier or a filter to follow the mux, Maxim's 6-channel 
MAXlSl gives access to the mux output, 
which other- 
wise works the same as the MAXlS0. 


MUXDUT" 


AINO 
AIN1 
AIN2 
AIN3 
AIN4 
AINS 
AIN6" 
AIN7' 


REFOUT 


REFADJ 


REFIN 


New BiCMOS Design Makes a Better 
574A : 8J.lSFast & 3X Lower Power 
MAX174 Drops-In 574A and 674A Applications, 
Improving Performance 
with No Design Effort 


The new MAX174 provides a complete 
12-blt A/D with lOppml"C voltage 
~~~Ic;~~ 
reference, a laser-trimmed 
Internal clock, and +lOV, +20V, ±lOV and ±5V input 
ranges 
in the 
industry-standard 
574A/674A 
pinout. 
Unlike 
older 
designs, 
Maxim's 
use 
of BiCMOS 
technology 
allows increasing 
speed 
from 25~s 
to S~s while reducing 
power consumption 
from 450mW to 
150mW. And Maxim supplies 
the 
MAXl74 
in the O·C to +70·C and 
-40·C to +S5·C temperature 
ranges 
in both 
DIP and 
space-saving 
SO 
packages 
for new designs. 
Maxim 
also has the 251-\sMX574A and the 
15~s MX674A for existing designs. 


Three interleaved 
Industry-standard 
574As would be 
required to match the speed of a single low-power 
MAX174. 
And, in SO, it saves significant 
board area. 


1 
Multiplexers, 
Switches, Militarv 


2 
Interface Products 


3 
Dp Amps 


4 
DC-DCConverters, 
Power Supplies 


5 
I-\PSupervisory 


6 
Analog Filters 


j. 
AID COftV8rl818 


8 
High Speed: 
Video, Comoarators 


9 
D/A Converters 


III 


World'sFirst 3JlS 12-Bit AID at $15*! 
Simplify Design Effort with Flexible +5V, +lOV, or ±5V Input 
Ranges and an Internal Ref Buffer 
INCLUDES 
FAST 
BUFFER 


For applications 
demanding 
blazing 
speed 
without 
high cost, 
Maxim offers the MAX183 - the lowest-cost 3~s, 


12-bit A/D 
ever. Designed 
with a proprietary 
BiCMOS 
process, 
the MAX183 provides high speed and low code- 


edge noise, while keeping power consumption 
at gOmW. 
Laser-trimmed 
resistors 
guarantee 
12-bit. 1/2 LSB linear- 


ity and "no missing codes" performance 
from O'C/+70'C 
to 


-55'C/+125'C 
temperature 
ranges. 
For slower and lower- 


cost applications, 
Maxim provides the MAX184 with 5~s 
and the MAX185 with 10~s conversion 
times, which are 


otherwise identical to the MAX183. All three parts support 
fast, parallel ~P interfaces 
and are available in small-foot- 
print 24-pin DIPs and SOs. 


o tOOOpc FOB USA. suggesled 
resale price 


Calibrated 
12-Bit AIDs Need No 
Adjustments 
to Maintain 
+1 LSB 
Accuracy 
from -55°C to +125°C! 


4- & l-Ch AIDs are Complete with TIH and 40ppmFC Ref 


il-" ",·:"", 
..•.. 
1 


o 
1024 
2048 
3072 
4096 


DIGITALINPUT 


With no gain, offset, 
or linearity 
adjustments, 
the total 


MAX178 error stays below ±1 LSB from -SS'C to .12S'C 
tor all codes. 


Even the best trim pots drift over time and tempera- 


ture, 
requiring 
costly 
calibration 
procedures. 
Maxim's 


MAX178 and 
MAX182 are 
automatically 
corrected 
at 


every conversion, 
eliminating 
adjustments 
and holding 


total 
error 
below ±1 LSB without 
trim pots. 
And these 


A/Os include an internal T/H and DC and dynamic speci- 
fications for applications 
ranging from industrial 
control to 


signal processing, 
that demand 
minimal component 
count 


and stability over time and temperature. 


Both new A/Os 
also include 
an internal 
40ppml'C 


voltage 
reference, 
an 
8- or 16-bit 
~P interface, 
and 
an 
optional 
internal 
or external 
clock. For designs 
requiring 


conversion 
of multiple 
analog 
signals, 
the MAX182 com- 


bines a 4-channel 
analog mux with all the features 
of the 


single-input 
MAX178. The high-resistance 
analog 
inputs 


(500MQj permit driving the A/Os with lower-cost. standard 
op amps. 


If you are presently 
using a 7578 or 7582, Maxim's 


MAX178 and MAX182 upgrade existing designs pin-for-pin, 
reducing 
conversion 
time from lOO~s to 60~s while elimi- 


nating external sample-and-hold, 
voltage reference, and all 
clock components 
at no additional 
cost! 


100kHz 12-Bit Sampling AIDs Have 
6MHz TIH, DC and Dynamic Specs 
+5V, ±5V, or ±2.5V High-Resistance 
Analog Inputs are 


Easy-to-Drive with Standard Lower-Cost Op Amps 


Maxim's MAX163/164/167 
combine 
a IllS acquisi- 


tion-time 
T/H with a 7,811SA/D 
on one CMOS circuit. 


The new A/Ds are plug-in replacements, 
with an on-chip 
T/H, 
for the AD7572, 
MAX162, and 
MAX172. Unlike 
other 
circuits, 
Maxim's 
proprietary 
sampling 
compara- 


tor used for these A/Ds doubles 
as aT /H and works with 


a very small, 
internal 
sampling 
capacitor. 
This results 
in a wide full-power 
sampling 
bandwidth 
(6MHz typJ, low 
distortion 
[-80dB max), and a high analog input resistance 
[500Mnj. 
A 25ppmj"C 
internal 
voltage 
reference 
and 
three 
analog input 
ranges 
are prOVided for designs 
with 
+5V (MAXI63J, ±5V (MAXI64), or±2.5V 
(MAX167) signal 
ranges. 


3~ 12-Bit AID with 25ppm/oC 
Ref 
Replaces Expensive Hybrids 
Small 24-Pin DIP and SO Packages Save Space, Cost 


Whether you want to replace a costly and bulky hybrid, 


or want a self-contained 
single-channel 
A/D, the MAXl62 
can significantly lower system cost and improve performance. 
The MAX162 has 
a 311SA/D, 
an 
internal 
25ppmj"C 
or 
~ 


45ppmj"C 
voltage reference, 
an 8- or 16-bit llP interface, 
••• 


and an optional internal/external 
clock. The voltage refer- 
ence uses a stable buried-zener 
diode, thin-film 
resistors, 
and high-quality 
amplifiers for optimum 
low-drift and low- 
noise performance 
for fast data-acquisition 
applications. 
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Complete 
12-Bit 10~ AID for $10! 


MAX172 Includes an Internal 45ppmFC 
Voltage Reference, 


and Plug-In Upgrades 12f..1.s7572s 


For high-performance 
applications, 
the MAXI72 pro- 


vides 
an easy-to-use 
and 
low-cost 
alternative 
to earlier 
designs, 
such as the 574A. 
Maxim's A/D requires 
only a 
few external bypass capacitors 
to work.in most 8- or 16-bit 
llP systems. 
Available 
in 24-pin 
SO and 
0.3" 
DIPs in 
0·C/+70·C 
to -55·C/+125·C 
temperature 
ranges, 
the 
MAXl72 
challenges 
all other 
A/Ds 
in price 
and 
per- 
formance 
- with gOns access 
time, 
215mW 
max power 


consumption, 
and "no missing 
codes" 
12-bit 
linearity. 


\ 
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Un-Paralleled Converter: First 5.6flS 
12-Bit AID to Fit in 8-Pin MiniDIP! 
The 3-Wire Seri~-Interface AID Saves Over 10 Traces on a 
Circuit Board - Fits Tight Spaces 


Serial digital communication 
is preferred 
to parallel 
when long distances 
are involved. Digital interface provides 
better 
noise immunity 
from motors. 
heaters. 
and 
other 
industrial 
equipment 
compared 
to analog. 
Maxim's 
MAXI70. with 
3-wire 
interface, 
simplifies 
sending 
A/D 
outputs 
over long distances. 
And for breaking 
ground- 


loops. the 3-wire interface is easier and costs less to trans- 
former- or opto-isolate 
than the 10 to 14 wires required for 
a 12-bit parallel 
interface. 
MAX170 is functionally 
com- 
plete for most "analog in/digital 
out" applications, 
includ- 
ing an internal 
40ppmrC 
voltage reference 
for additional 
board-space 
savings and design convenience. 


300kHz 
Samping 
IO-Bit AID is 
Complete 
with 60ppm/oC 
Reference 


±ILSB Accurate from -SS'C to +12S'C, DC and Dynamic 
Specified AID Upgrades 8-Bit Designs 


Maxim's MAX151 uses a proprietary 
half-flash technique 
to achieve "no missing codes" linearity and 
1.9~s conversion 
time, while keeping power-consumption 
below 275mW - including 
the supply current 
of an internal 
voltage reference. 
Since the MAX151 internally 
tracks and holds the analog input signal, 


it eliminates 
the need for an external T/H when digitizing high-speed 
AC signals. 
For next generation 
designs that require better than 8-bits accuracy, 
the MAX151 offers an alternative 
to costlier high-speed 
12-bit A/Os. and is available in small-footprint 
24-pin DIPs and 50s. MAX151 interfaces 
directly to most 
popular 
~Ps by appearing 
as a memory location or input/output 
port. 
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Integrating AID Converters 


Supply 
Pricet 
Supply 
Current 
Part 
Resolution 
Output 
Voltage 
(mA) 
1ODD-up 
Number 
(digits) 
(counts) 
Type 
(V) 
max (typ) 
References 
Comments 
($) 


MAXI30 
31/2 
±2000 
LCD 
+4.5 to 14 
0.25 (0.1) 
Bandgap 
Replacement 
for lCL7106 
4.86 


MAX131 
31/2 
±2000 
LCD 
+4.5 to 14 
0.1 (0.06) 
Bandgap 
Replacement 
for ICL7136 
4.86 


MAXI36 
31/2 
±2000 
LCD 
+9 
0.15 (0.06) 
Bandgap 
Hold function, 
low power 
4.32 


MAXI38 
31/2 
±2000 
LCD 
+2.25 to 7 
0.8(0.2) 
Bandgap 
± inputs 
with single 
supply 
6.88 


ICL7106 
31/2 
±2000 
LCD 
+9 
1.8 (0.6) 
Zener 
For digital 
multimeters 
4.32 


ICL7116 
31/2 
±2000 
LCD 
+9 
1.8 (0.8) 
Zener 
ICL7106 
with display 
hold 
4.32 


ICL7126 
31/2 
±2000 
LCD 
+9 
0.1 (06) 
Zener 
Use ICL7136 for new designs 
4.32 


ICL7136 
31/2 
±2000 
LCD 
+9 
01 (006) 
Zener 
Low power / noise ICL7106 
4.32 


MAXI39 
31/2 
±2000 
LED 
+5 
0.8 (0.2) 
Bandgap 
± inputs 
with single 
supply 
6.08 


MAXI40 
31/2 
±2000 
LED 
+5 
0.8 (0.2) 
Bandgap 
Low-segment 
current (2mA) 
4.68 


lCL7107 
31/2 
±2000 
LED 
+9 
1.8 (0.6) 
Zener 
For digital 
panel meters 
4.32 


lCL7117 
31/2 
±2000 
LED 
±5 
1.8 (0.8) 
Zener 
ICL7107 
with 
display 
hold 
4.32 


ICL7137 
31/2 
±2000 
LED 
±5 
0.2 (0.06) 
Zener 
Low power when LED is off 
4.32 
~ 
MAX133 
33/4 
±40,OOO 
~P 
+9 
0.2 (0.09) 
External 
20 conv 15ec, ±101lV 
resolution 
10.89 


MAXI34 
33/4 
±40,OOO 
~P 
±5 
0.2 (0.09) 
External 
20 conv /sec, 
±10J..l.V resolution 
10.89 


ICL7109 
12 bits + Sign 
±4096 
8/16 
bit ~P /UART 
±5 
1.5(07) 
Zener 
3-state binary outputs 
5.10 


ICL7129A 
41/2 
±20,OOO 
Triplexed 
LCD 
+9 
1.40.0) 
External 
Lowest 
noise 
±3J.l V 
7.96 


ICL7135 
41/2 
±20,OOO 
Multiplexed 
BCD 
±5 
2.00.0) 
External 
For DMM, 
DPM, data 
loggers 
5.48 


MAX135 
15 bits + Sign 
±20,OOO 
~P/8 
±5 
0.125 
External 
3-state 
two's 
complement 
outputs 
tt 


1 E- external reference; I - internal reference. 
t 
Prices provided are for design guidance and are FOB USA 
International prices will differ due to local duties, taxes, and exchange rates. 


tt Future products- contact factory for pricing and availability. 
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General-Purpose 
AID Converters 


Conversion 
Reference 
Data-Bus 
Supply 
Input 
Pricet 
Part 
Resolution 
Time 
Input 
Sample Rate 
Volta~e 
Interlace 
Voltages 
Ranges 
l000-up 
Number 
(bils) 
(~s) ma. 
Channels 
(kHz) ma. 
(Ell 
)(V) 
(bits) 
(V) 
(V) 
Comments 
($) 


MAX153 
8 
0.400 
1 
2000 
E 
~P/8 
+5 &±5 
+5V,±2.5 
High-speed with T/H 
tt 


MX7821 
8 
0.660 
1 
1000 
E 
~P/8 
+5 & ±5 
+5V, ±2.5 
WithT/H 
7.54 


MAX150 
8 
1.34 
1 
500 
E/l/+2.5 
~P/8 
+5 
+5 
With T/H and ref 
7.96 


MX7820 
8 
1.34 
1 
500 
E 
~P/8 
+5 
+5 
Plug-in replacement for AD7820 
7.93 


ADC0820 
8 
1.38 
1 
400 
E 
~P/8 
+5 
+5 
WithT/H 
7.16 


MAX154 
8 
2 
4 
300 
E/I/+2.5 
~P/8 
+5 
+5 
4-ch with T/H and ref 
8.36 


MAX158 
8 
2 
8 
300 
E/I/+2.5 
~P/8 
+5 
+5 
8-ch with T/H and ref 
8.76 


MX7824 
8 
2 
4 
300 
E 
~P/8 
+5 
+5 
Plug-in replacement for AD7824 
8.33 


MX7828 
8 
2 
8 
300 
E 
~P/8 
+5 
+5 
Plug-in replacement for AD7828 
8.73 


MAX155 
8 
3 
8 
250 
E/I/+2.5 
~P/8 
+5 
+2.5,±2.5 
8-ch simuJtaneous T/H and ref 
tt 


MAX156 
8 
3 
4 
250 
E/I/+2.5 
~P/8 
+5 
+2.5, ±2.5 
4-ch simultaneous 
T/H and ref 
tt 


MAX160 
8 
4 
1 
E 
~P/8 
+5 
+10,±5 
Ratiometric, single-supply 
7.20 


MAX165 
8 
5 
1 
200 
E/I/+1.23 
~P/8 
+5 
+5 
Sampling with ref 
tt 


MAXl66 
8 
5 
1 
200 
E/I/+1.23 
~P/8 
+5 
+5 
Differential 
input 
4.91 


MX7575 
8 
5 
1 
200 
E/+1.23 
~P/8 
+5 
+5 
Plug-in replacement for AD7575 
4.39 


~ 
MX7576 
8 
10 
1 
E/+1.23 
~P/8 
+5 
+5 
Plug-in replacement for AD7576 
3.78 


••• 
MX7574 
8 
15 
1 
E 
~P/8 
+5 
+10, ±5 
Plug-in replacement for AD7574 
4.80 


MAX161 
8 
20 
8 
E 
~P/8 
+5 
+10 
8-ch with RAM buffer 
11.12 


MX7581 
8 
66.6 
8 
E 
~P/8 
+5 
+10 
Plug-in replacement for AD7581 
11.08 


MAX151 
10 
2.5 
1 
300 
E/I/+4.0 
~P/10 
±5 
+5 
Sampling with reference 
12.67 


MAX173 
10 
5 
1 
1/-5.25 
~P/8/12 
+5 & -12/-15 
+5 
Reference 
7.01 


MAX177 
10 
8.33 
1 
100 
1/-5.25 
~P/8/12 
+5 & -12/-15 
±2.5 
Sampling 
with reference 
7.96 


MAX120 
12 
1.5 
1 
500 
E/I/-5 
~P/12 
+5 & -12/-15 
±5 
WithT/H 
tt 


MX578 
12 
3 
1 
E/I/+l0.0 
Logic 
+5 & ±15 
±1O 
With parallel/serial 
outputs 
88.71 


MAX162 
12 
3.25 
] 
1/-5.25 
~P/8/12 
+5&-12/-15 
+5 
High-speed 
with internal ref 
34.88 


MAX183 
12 
3.25 
] 
E 
~P/8/12 
+5&-12/-15 
+5, ±5, +10 
High-speed 
with external ref 
15.00 


1 
E - external 
reference; 
I - internal 
reference. 


t 
Prices provided are for design guidance and are FOB USA 
International prices wil1 differ due to local duties, taxes, and exchange rates. 


tt Future products- contact factory for pricing and availability. 


Part 
Number 


MX7672-03 


MAX170 


MAX171 


MAXl84 


MX7572-05 


MX7672-05 


MAX190 


MAX163 


MAXl64 


MAX167 


MAX174 


MAX180 


MAX181 


MAXl72 


MAX185 


MX7672-10 


MX7572-12 


MX674A 


MX574A 


MAX178 


MAX182 


MX7578 


MX7582 


MAXl2l 


MAXl68 


Resolution 
(bits) 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


14 


14 


Conversion 
Time 
Input 
(~s) ma~nnels 


3.25 


5 


5 


5 


5 


5 


7.8 


8.13 


8.13 


8.13 


8 


8.125 


8.125 
6 


10 


10.4 


10.4 


12 


15 


25 


50 


50 


100 


100 


1.5 


3.5 


General-Purpose AID Converters (continued) 


Sample 
Rat. 
(kHZ) .!!lax 


Reference 
Voltage 
(E 1I1)(V) 


E 


1/-5.25 


1/-5.25 


E 


1/-5.25 


E 


EII/ 
+4.096 


1/-5.0 


1--5.0 


1/-50 


E/I/+l0.0 


E/I/-5.0 


E/I/-5.0 


1/-5.25 


E 


E 


1/-5.25 


E/I/+l0.0 


E/I/ 
+10.0 


E/I/+5.0 


E/I/+5.0 


E 


E 


E/I/-5 


E/I/ 
+3 


Data-Bus 
Supply 
Interface 
Voltages 
(bits) 
(V) 


~P/8/12 
+5 &-12 


5<'rial/12 
+5 & -12/-15 


5<'rial/12 
+5&-12/-15 


~P/8/12 
+5 & -12/-15 


~P /8/12 
+5 & -15 


~P /8/12 
+5 &-12 


~P /12/5erial 
+5 & ±5 


~P/8/12 
+5&-12/-15 


~P/8/12 
+5&-12/-15 


~P/8/12 
+5&-12/-15 


~P/8/i2 
+5 & ±12/±15 


~P/8/16 
+5 & -12/-15 


~1'/8/16 
+5&-12/-15 


~1'/8/12 
+5 & -12/-15 


~P/8/12 
+5&-12/-15 


~P/8/12 
+5&-12 


~P/8/12 
+5&-15 


~P/8/12 
+5 & ±12/±15 


~P/8/12 
+5 & ±12/±15 


~P/8/16 
+5&+15&-5 


~1'/8/16 
+5&+15&-5 


~P/8/16 
+5&+15&-5 


~P/8/16 
+5&+15&-5 


~P/5<'rial 
5&-12/-15 


~P /8/5<'rial 
±5 


Input 
Ranges 
(V) 


+5, ±5, +10 


+5 


+5 


+5, ±5, +10 


+5 


+5, ±5, +10 


+5 


+5 


±5 


±2.5 


±5, ± 10, +10, +20 


+5, ±2.5 


+5, ±2.5 


+5 


+5, ±5, +10 


+5, ±5, +10 


+5 


±5, ±1O, +10, +20 


±5, ±1O, +10, +20 


+5 


+5 


+5 


+5 


±5 


±3 


1 
E - external 
reference; 
J - internal 
reference. 
t 
Prices provided 
arc for design 
guidance 
and are FOB USA. 
International 
prices 
will differ 
due 
to local duties, 
taxes, 
and exchange 
rates. 


tt 
Future 
products- 
contact 
factory 
for pricing 
and availability 


II 


Pricet 
lOOO-up 
($) 


57.38 


11.96 


tt 


13.75 


20.00 


33.66 


tt 


17.00 


17.00 


17.00 


28.13 


17.00 


1700 


9.60 


12.00 


25.25 


14.00 


23.44 


11.97 


15.24 


17.55 


16.96 


19.50 


tt 


tt 


Plug-in 
replacement 
for A 07672-03 


8-pin 
Mini DIP 


Gpto-isolated 


High-spet.~ 
with 
external 
ref 


Plug-in 
replacement 
fnr AD7572-05 


Plug-in 
replacement 
for AD7672-0S 


Complete 
sampling 
with 
ref 


Complete 
sampling 
with 
ref 


Complete 
sampling 
with 
ref 


Complete 
So:lmpling with 
ref 


Upgrade'S 
for AD574A/ 
AD674A 


Data-acquisition 
system 


Data~acquisition 
syl:ttem 


First lowest~cost 
complete 
AI D 


High~speed 
with 
external 
ref 


Plug-in 
replacement 
for AD7672-05 


Plug-in 
replacement 
for AD7572-12 


Plllg~in 
replacement 
for AD574A 


Plug·in 
replacement 
for AD674A 


Calibrated 
to 1LSB, with T/H, 
ref 


Calibrated 
to lLSB, 
with T/H, 
ref 


Plug-in 
replacement 
for AD7578 


Plug 
·in replacement 
for AD7582 


With ref 


Complete 
sampling 
with 
ref 


APPLICATION NOTE 
~1I1~JXI~1I1 


This application 
note discusses 
characteristics 
that 
affect key AID converter 
selection 
decisions 
and per- 
formance. It is not quite a general tutorial in that some 
important 
fine 
points 
are substituted 
for 
broader 


issues. 
(For 
a general 
AID 
DIA 
primer, 
refer 
to 


Maxim's 
1990 Applications 
Handbook, 
page 
3-3). 
Subjects include input sampling, signal multiplexing, 
accuracy, 
noise problems, 
and other topics. 
If, after 


reading 
this, you have further 
questions 
about 
AID 


converter 
(or other) applications, 
please feel free to 
contact Maxim's applications 
group at (408) 737-7600 
extention 
4000. 


Resolution, Accuracy, Etc. 


"Resolution" defines the smallest increment of signal am- 
plitude an ND 
can discern. 
ND 
resolution 
differs from 


'accuracy," 
which 
is the absolute 
error incurred 
when 
measuring 
a signal. 
The different 
purposes 
of these 


specs are often clouded 
when AIDs are specified; 
the 


fact that the specs sometimes 
have equal magnitude 
in 


NDs 
adds to the confusion. 
But in many other devices 


accuracy 
does not match resolution, so the value of both 


cases is worth examining. 


A low-cost, 
12-bit, 
10llS A/D 
such 
as the 
MAX172 


resolves a 5V full-scale input range to 5V/4096, or 1.2mV 
(1LSB), but is not accurate 
to this level. The untrimmed 


full-scale 
error limit of the "B grade" device 
is 15LSBs, 
while the offset limit is 6LSBs 
These guarantees 
allow 


reduced 
cost without sacrificing 
linearity, which is guar- 


anteed at 1/2 or 1LSB (A or B grade). 
12-bit linearity is 


maintained (even on the lowest grade), because very few 
applications 
tolerate 
missing 
codes 
(see Oemystifying 
Linearity), even when absolute accuracy 
is not needed. 


The AID's unadjusted full-scale and offset errors are often 
moot. This is because 
they are constant, 
and errors in 


other parts of the signal path are frequently 
trimmed. 


AID accuracy 
and offset specs do not need 12-bit preci- 


sion when: 


1) 
measuring transducers 
or sensors that don't have 
precise accuracy 
specs (the MAX172B's 
15LSB 


full-scale error = 0.37%), 


2) 
only signal changes 
are of interest, not absolute 


voltage levels, 


3) 
system calibration 
occurs 
elsewhere, 
either with 
manual trims or via a microprocessor 
or controller, 


4) 
the AID operates 
in a closed-loop 
control system 
~ 
where 
gain 
and 
offset 
errors 
only 
affect 
loop 


dynamics 
and not accuracy. 
, 


Untrimmed 
accuracy 
may still be worthwhile 
in high- 
~ 
resolution 
NDs 
if it eliminates 
adjustments. 
To effec- 


tively accomplish 
this, converter 
accuracies 
of 1LSB or 


better 
are needed, 
otherwise 
trims are not eliminated 


but only reduced 
in range. The MAX178 and MAX182 


(with 4 input channels) 
reduce unadjusted 
total conver- 
sion error to ±1 LSB over temperature 
with internal auto- 


correction 
circuitry. 


_____ 
Demystifying L.inearity 


AID 
linearity 
has two common 
definitions, 
which 
can 


generate 
different 
specs for the same device 
and con- 


fuse comparisons 
between parts. This disparity 
is due to 


different ND testing approaches. 
When comparing 
lin- 


earity specs, 
it pays to be familiar with both the "best- 
straight-line" 
testing 
approach 
and 
"endpoint" 
curve 


fitting (Figure 1). 


The best-straight-line 
approach 
makes no claim about 


zero error, full-scale 
error, or transfer-function 
slope. 
It 


simply 
quantifies 
(in LSBs or percent) 
deviation 
from 


the straight 
line that 
best 
approximates 
the transfer 


IJI 


Figure 
1. 'Best-straight-line' 
and 'endpoint' 
linearity produce 
dif- 


ferent specifications 
for the same NO. 


/~I /J X I/~I 
Maxim 
Integrated 
Products 
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AID 
RESOLUTION 
REF(%) 
REF 
REF DRIFT (ppmf"C) 


PART NO. 
(BITS) 
TOLERANCE 
VOLTAGE 
Typ 
Max 


MAX150/4/8 
8 
1.2 
2.5 
40 
70 


MAX165/6 
8 
1.63 
1.23 
40 
70 


MAX151 
10 
075 
4.00 
- 
60 


MAX173 
10 
095 
-5.25 
40 
- 


MAXl77 
10 
0.4 
-5.00 
- 
45 


MAX162 
12 
095 
-5.25 
20 
- 


MAX163/4/7 
12 
0.4 
-5.00 
- 
25 


MAX170 
12 
0.95 
-5.25 
20 
- 


MAX171 
12 
0.95 
-5.25 
- 
40 


MAXl72 
12 
0.95 
-525 
40 
- 


MAX174 
12 
0.2 
1000 
- 
- 


MAX178/182 
12 
0.3 
5.00 
10 
40 


MAX180/181 
12 
0.4 
-5.00 
- 
25 


function 
(and 
provides 
the lowest, 
i.e. 'best 
looking', 


number). 
No points on this ideal line are defined 
before 
the test. The result is a pure linearity spec that includes 
no other errors. 


Endpoint 
fit, on the other hand, 
presets 
the ideal line 


between 
the 
measured 
endpoints 
of the 
converter's 


transfer 
function. 
Deviations 
are 
measured 
without 
adjusting 
the line's position 
for any optimum 
fit. As a 


consequence, 
this linearity number is usually larger than 


§ 
1001 


~ 


~ 
1000 


ANALOG INPUT 


Figure 2. Differential 
Linearity Error 


that provided by the best-straight-line 
approach, 
but both 
are valid ways of representing linearity (also called integral 
nonlinearity or INL). 


DNL and No Missing Codes 


Differential nonlinearity (DNL) indicates if an AID is mono- 
tonic or has no missing codes. DNL is the deviation of the 
analog span of each AID output code from its ideal 1LSB 
value (Figure 2). A spec of 1/2LSB, for instance, means 
that a code is at least 1/2LSB but no more than 1.5LSB 
wide. 
If DNL is less than 
1LSB, no missing 
codes 
is 
assured. 
Nearly all Maxim AIDs also specify no missing 
codes 
as a separate 
(and 
somewhat 
redundant, 
but 


reassuring) 
guarantee. 


Voltage References 


What voltage reference is required for an AID? A number 
of Maxim's AIDs contain internal references and manage 
to eliminate 
this question 
for many 
applications. 
The 
internal reference's suitability for an application 
depends 
mostly on accuracy 
and drift requirements. 
As can be 
seen from Table 1, the initial reference accuracy 
ranges 


from 
0.2% 
to 
1.63% for different 
AIDs. 
Examples 
of 


applications 
where initial untrimmed 
AID and reference 
accuracy 
is not critical are listed in the Reso/ution, 
Accu- 


racy, 
Etc. section. 


Without adjustment 
or automatic 
calibration, 
reference 
accuracy and temperature 
drift relate directly to full-scale 


errors 
If absolute accuracy 
is required, then a precision 


reference 
must 
be used. 
If the requirements 
are too 
demanding 
for the internal reference, many devices also 


accept 
external 
references. 
(Of course 
Maxim 
also 
makes AIDs without 
internal references, 
which 
are not 


listed above). 
Keep in mind that references, 
much like 
AIDs, do not provide untrimmed 
accuracy 
without some 
cost. If stability over temperature 
or repeatability 
are all 
you need, then look for low tempco only. 


Ratiometric Systems 


Some clever ways have been devised to cheat on refer- 
ence 
requirements 
in certain 
types 
of high-accuracy 
designs. 
Although the most straightforward 
architecture 
may rely on a precisely 
trimmed 
reference, 
the most 
cost-effective 
design may not need trimming. 


Analog measurements can be either absolute or relative in 
nature, depending 
on· the input signal. A direct voltage 
measurement (as with a digital voltmeter) is absolute and 
relies heavily on absolute reference accuracy. On the other 
hand, the output 
signal from a bridge-type 
transducer 
(such as a load cell or pressure sensor) is a function of the 
measured quantity (weight, pressure, etc.) and the bridge's 
excitation voltage. In a ratiometric system, the same refer- 
ence drives both the AID and the bridge excitation, so the 
actual reference value (along with its error and drift) does 
not affect the resuit. The reference 
voltage 
need NOT 
exhibit stability over time and temperature. 
Either the NO 
or an external 
source 
can provide 
the reference 
in a 
ratiometric system. In many applications 
even the power- 


supply voltage, if free from noise, can suffice. 
__ 
Multi·Channel Data Acquisition 
Single-ehip Solutions 


When several analog inputs are measured, 
some form of 
signal multiplexing 
is usually used at the NO 
input. A 
simple 
and direct 
way to economize 
is to expand 
the 


analog 
input using an NO with an internal multiplexer. 


One-chip 
multi-input 
A/Os, besides 
providing 
obvious 
component 
savings, 
also offer major performance 
ad- 


vantages. 
Multiplexer 
error contributions 
and 
settling 
delays are eliminated 
from the system specs since they 
are included 
in the NO's own error and timing limits. For 
example, 
the 7.5l!s conversion 
time guaranteed 
for the 
MAX180 
includes 
the time 
used 
by the 
multiplexer, 
track/hold, 
and NO. 
In comparing 
the 
specs 
of the 
MAX164 
(with one input) 
to the those of the MAX180 
(8-channels, 
Figure 3), it is clear that no compromises 
are 
made for the benefit of eight channels; both parts sample 
at 100kHz. 


Combining 
functions in one CMOS chip not only benefits 


accuracy 
but also 
simplifies 
the interface. 
Only one 


device 
needs 
to be addressed: 
On the MAX180, 
the 


same operation can select a channel and start a conver- 
sion. Simplifying 
the interface 
cuts down on decoding 


logic and saves power: The MAX180 uses only 110mW. 


Separate Input Multiplexers· 
When? 
Despite 
the convenience 
and performance 
that multi- 
input 
NOs 
provide, 
they 
do 
have 
limitations 
that 
a 


separate 
NO and multiplexer(s) 
can sometimes 
over- 


come. 


Fault Protection 
To date, single-chip 
multiplexed 
NOs with high-voltage 


fault protection 
do not exist. Even with Maxim's latchup- 
proof AID designs, 
the level of overdrive 
insensitivity 


provided by true fault-protected 
analog multiplexers 
can- 


not be economically 
added 
to monolithic 
NO designs. 


The high-voltage 
protection structures are too large. This 


is not to say that devices 
like the MAX180 or MAX150 
cannot withstand 
significant 
abuse-they 
can, especially 


with input-limiting 
resistors. 


Maxim's latchup-proof 
designs 
prevent device damage 
under harsh input conditions; 
but even with input-limiting 


resistors 
and external-clamp 
diodes 
on each channel, 


some limitations 
cannot 
be avoided. 
Crosstalk 
errors, 


MUXOUT"" 


AlNO 
AINl 
AIN2 
AIN3 
AlN4 
AIN5 
AINii" 
AINl" 


REFOUT 


REFAOJ 


REFIN 


Figure 3. 
The MAX180 includes a 12-bit AID, tracklhold, 
refer- 
ence, and 8-channel 
multiplexer 
on one chip. The MAX181 has 


6 channels, 
but provides 
access 
to the mux output. 


&I 


caused 
when inactive channels 
are driven beyond 
the 
supply rails, can be a particular 
problem. 


When such small, but significant, 
errors can't be toler- 


ated, a true fault-protected 
analog multiplexer, 
such as a 
member of the MAX358 or MAX378 families, is the best 
choice. 
They withstand 
up to 70V overloads 
without 


spilling overdrive 
signals through to selected 
channels. 


Adding Gain and Filtering 


Multi-input 
AIDs work best when all input signals have a 


similar dynamic range. If filtering or widely different chan- 
nel gain 
is needed, 
the 
internal 
multiplexer 
usually 
requires 
each channel to have its own signal-condition- 


ing circuitry. 
This can get repetitive and expensive. 


Separate AID and multiplexer 
components 
may win out 


if only one filter and programmable 
amplifier 
is needed 


between 
the 
multiplexer 
output 
and 
the 
AID 
input. 


Maxim's 
12-bit MAX181 (Figure 3) addresses 
this need 


by bringing 
out the output of its 6-channel 
mux and the 


input of its AID on separate pins. This way, a companion 
device 
such as the MAX270 lowpass filter can provide 


selectable 
4th-order 
corner frequencies 
between 
1kHz 


and 20kHz for different channels. 


Channel Sample Timing 


In some cases, the relative timing of multiplexed 
signals 


is important. 
A typical 
ADC and multiplexer, 
whether a 


one-chip system or not, measure each channel in sequence, 
so channel 
1 is read significantly 
before channel 
8. In 


dynamic 
systems, 
this may add error if the signals 
of 
interest occur at the same time; the relative phase may 
contain information that the channel scanning will distort. 
One solution is to convert at a sufficiently fast rate so that 
the time delay between channels is reduced 
to insignifi- 


cant levels. The problem with this is that the ADC speed, 
cost, 
and 
possibly 
power 
consumption 
soon 
reach 


prohibitive 
levels. 


A better 
approach, 
which 
works 
well in CMOS, 
is to 


sample all input channels at the same time, then multiplex 
through the track/holds 
and convert the channel informa- 


tion. Scanning 
timing 
errors 
are eliminated 
by this 
approach, 
which is used in both the MAX155 (4-channel) 
and MAX156 (8-channel) 
8-bit ADCs. 


_______ 
When to Tracie/Hold 


Until 
recently, 
few AID 
converters 
included 
internal 
track/hold 
circuits, and you had to determine whether you 


really needed 
to add one to the front of your AID. The 
guideline for successive- 
approximation 
AIDs limits input 


signal 
change 
during 
a conversion 
to 1/2LSB. 
If the 
change exceeds this, a track/hold 
is required to prevent 
the input from moving during the successive-approxima- 
tion process. 


Because 
12-bit ADCs like the MAX162 and MAX183 are 
extremely fast (3.25/1s), one is tempted to think that fairly 
high-frequency 
inputs can be converted 
accurately 
with- 
out using a sample/hold. 
However, a 12-bit converter with 
a 5V full-scale 
range resolves changes 
in inputs of less 
than a millivolt, and signals of well below 1kHz change 
by this amount in under the MAX162's 3.25/1s conversion 
time. 
In fact, 
for frequencies 
as low as 11Hz, a hold 


function 
is required 
if 12-bit performance 
is to be main- 
tained. 


Other Track/Hold Advantages 
Having given the textbook 
reason why track/holds 
are 
beneficial, 
there are others that may be more significant 
for practical 
applications 
with contemporary 
ADCs. 
A 
high-speed, 
un-sampled 
successive-approximation 
ADC places transient 
loads on the signal source during 
each 
bit test of the conversion. 
If the signal 
source 
doesn't 
settle 
in time for the bit decision, 
the ADC's 
comparator 
bases 
its decision 
on errant 
information, 
resulting 
in converter 
noise and nonlinearity. 
This is true 
even 
for low-frequency 
signals 
that don't 
violate 
the 
1/2LSB rule 
discussed 
previously. 
The result 
is that 
many successive-approximation 
and some flash ADCs 
place high demands 
on the signal source, 
particularly 
with 12-bits and above. Wide-bandwidth 
amplifiers 
are 
needed 
to drive 
non-sampled 
ADCs, 
even 
for 
low- 
bandwidth 
signals. 


Sampling 
AID 
converters 
like 
the 
MAX164 
and 
MAX180 
12-bit 
families 
demand 
very 
little from 
the 
signal 
source 
in terms 
of dynamic 
capability, 
even 
though 
they are successive-approximation 
devices. 


Current 
is drawn 
from the input 
source, 
not on each 
bit test, 
but only 
once 
when 
the 
input 
is sampled. 


This accommodates 
a much 
wider 
variety 
of signal 
sources 
without 
buffering. 


________ 
'nterface 
Options 


The best A/D interface 
is fast, requires 
minimal 
hard- 
ware, and uses compact 
or existing 
software. 
Unfortu- 
nately, 
the 
specific 
A/D 
interface 
architecture 
that 
accomplishes 
this varies widely with application. 
Com- 
mon 
microprocessors 
use 
8- and 
16-bit 
busses. 


Microcontrollers 
use 4- and 8-bit busses. 
Both can use 
serial interfaces. 


Each Maxim NO 
is designed 
for simple hardware 
and 
software connection to a wide range of processor types. 
Flexibility is enhanced by frequently allowing output format- 
ting in different data widths where appropriate, 
as with the 
12-bit MAX163/4/7, which connects to either 8- or 16-bit 
busses. In addition, several interface modes are selectable 
using only one or two control lines. For example, with the 
MAX163/4/7 the microprocessor 
can: 1) start a conversion, 


perform other tasks, and then come back to read data, or 
2) start a conversion with a READ, and wait until the ADC 
supplies the answer. The microprocessor 
uses a BUSY 
output on the ADC to stretch the read cycle, making the 
ADC appear like a slow-memory device (Figure 4). 


Serial Interfaces 


In data-acquisition 
designs where size and board space 
are at a premium, 
serial interfaces 
can provide 
major 
advantages. 
For an equivalent 12-bit ADC, a serial device 
fits into an 8-pin package 
(MAX170) while a parallel part 
(MAX162/172) 
uses 24 pins. Also, the serial device's 
narrow data path does not impact the conversion 
time: 
The MAX170 has a 5.6Jls conversion 
rate. 


Besides saving space, a serial interface can cut the cost 
of taking 
electrically-isolated 
measurements. 
By using 
opto-couplers 
to isolate data lines, the ADC transmits 
information 
while 
severing 
electrical 
contact 
with the 


processor. 
The ADC and the analog signal are isolated. 


A serial device 
works best for this because 
only three 
interface lines require opto-couplers: 
Clock In, Data Out, 
and Convert Start. The 12-bit MAX171 (to be announced 
soon) simplifies isolated circuitry even further by includ- 
ing the opto-couplers 
with the A/D and reference 
in one 
package 
(Figure 5). 


What is the value of isolation? Some operating 
environ- 
ments do not allow the electrical connection 
between the 
signal source and the measuring 
system. This is a fre- 
quent safety requirement 
in industrial applications 
where 


it is possible for the input signal to be hot to the AC power 
line, either inadvertently 
or by design. Isolation also pro- 
vides 
advantages 
for noise 
reduction 
by eliminating 
ground loops and by providing 
superior common-mode 
rejection to most differential 
input schemes. This is espe- 
cially useful in large systems where signals from many 
remote locations are returned to one point. Each signal 
return line is likely to be at a slightly different potential, so 
ground-loop 
currents are almost certain. 


Conversion 
Time vs. 


_____ 
Conversions 
per Second 


AID converter 
speed can be specified 
in terms of con- 
version time (time required for one conversion) or in terms 
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of conversions 
(or samples) 
per 
second. 
These 
are 
closely related, but conversion 
rate doesn't always trans- 


late exactly 
to the inverse 
of conversion 
time. This is 
because ADCs often require some time between conver- 
sions. 


The MAX167 performs a conversion in 7.811-1s(12.5 clock 
cycles) 
if started 
in sync with a 1.6MHz 
clock. 
Data- 
access 
timing 
limits prevent the next conversion 
from 
starting immediately 
(Figure 6). Keeping these times as 
short 
as possible 
and 
guaranteeing 
data-bus 
timing 
specs over temperature 
minimizes 
dead time between 
conversions, 
allowing 
the MAX167 to continuously 
per- 


form 100k samples 
per second. 
This rate includes 
the 
operating 
time of the ADC's internal track/hold. 


Note also that the MAX167 (and most other Maxim ADCs) 
can 
"pipe 
line" the output 
data 
to increase 
interface 
speed. This means, as each new conversion 
is started 
by RD, the results of the last conversion 
immediately 
appear on the data bus. The data is always one conver- 
sion old, but it can be accessed without waiting; separate 
read and write commands 
aren't needed. 
The MAX167 
also implements 
more conventional 
interface. 
including 
those with 8-bit buses. 
______ 
AC Signal Processing 


When an ADC measures 
an AC signal, deviations 
from 
the ideal converter transfer function generate noise and 
distortion in the digital-output 
data. The severity of these 


distortions may not correlate well to classic AID converter 
specifications 
like offset, linearity, full-scale error, etc. In 
fact, large offset and full-scale errors do very little to harm 
AC performance, 
while the effect of linearity may depend 


more on the shape of the error rather than the amplitude. 
Also, converter 
noise expressed 
as a portion of an LSB 


does not indicate the effect on dynamic signals. What is 
important 
for DC-signal 
measurements 
may not be for 
AC-signal 
processing. 


The dynamic performance 
of a number of Maxim's ADCs 
is tested 
and guaranteed 
independently 
of the classic 
DC-accuracy 
specs. Tested parameters include Total Har- 
monic Distortion, Signal-to-Noise-plus-Distortion, 
and Peak 
Harmonic (or Spurious) Noise. The tests are implemented 
by applying 
a low-distortion 
test signal to the ADC and 
analyzing the digital-conversion 
results with an FFT algo- 
rithm to determine 
distortion 
and 
noise. 
Nearly all of 
Maxim's sampling ADCs are tested in this manner. 


Multiple 
Sources 
and 
"Standards" 
for AIDs 


As data-acquisition designers are acutely aware, not many 
AID converters are second sourced. They are not like op 
amps, with a convenient universal pin out. Maxim has pur- 
posely adhered to popular pin outs where possible. Maxim 


has maintained 
compatibility 
with AD574 and AD674, The 


most common 
12-bit ADC footprints, originally high-cost 


hybrid devices. Three Maxim BiCMOS monolithic devices 
improve the basic 574 design while reducing conversion time 
and power consumption 3 times. Compatible parts are: 


MAX174 
MX574A 
MX674A 


AD7572: 2nd generation 
12-bit mini-standard 
with 
improved performance over 574 devices. A big advan- 
tage is its narrow DIP package compared to the 574 
24-pin wide footprint Compatible parts are: 


MX7572 
MAX162 - fastest conversion 
time, 3.25us 


MAX172 • low cost 


MAX163 
} 
. 
MAX164 
track/hold 
Included 
but 


MAX167 
still fully compatible 


ADC0820/AD7820: 
High-speed, 
8-bit 
footprints 


that operate on 5V. Compatible 
devices are: 


MX7820 
MAX150 - adds internal2.5V 
voltage refer- 
ence on an originally 
unused pin 
to maintain compatibility 


• 


______ 
Performance Problems 


Noise 


Noise pick-up 
can be a problem 
when measuring 
any 
analog signal, but is particularly 
troublesome 
when the 
signal amplitudes 
are small (100mV or less). Low-level 


analog 
signals 
should 
be digitized 
as close 
to their 


source as possible 
(this is more easily done with small, 
serial-output ADCs like the MAX170), or should be ampli- 
fied, again near the source, to the highest practical level. 
To minimize pick-up, 
route low-level signals away from 


clock lines, relays, and other noisy switching circuits. 


In data acquisition, 
circuit 
nodes 
that are particularly 
susceptible 
to noise are: 
1) AID 
input 
pins when 
not 
driven from a buffered 
source, 2) the inverting 
inputs of 


op amps, 3) the center nodes on signal divider networks, 
and 4) the outputs of unbuffered 
filters. These should be 
made as physically 
small as possible to reduce coupling 


from noise sources. Separate analog and digital circuits 
on the board where possible. Very low-level signals may 
call for separately 
shielded sub-circuits. 


If the system exhibits missing codes and noise when the 
source and layout are clean, the problem may be occurring at 
the AID input. Many successive-approximation ADCs (those 
without internal tracklholds) are difficult to drive (see Other 
Track/Hold Advantages). A good test to check the cause isto 
slow down the system clock. This allows the input source more 
time to settle after being loaded by the AID. Ifthe noise abates 
with a slower clock, the input signal may need a buffer. 


The fact that an ADC's 
reference 
input doubles 
as an 
analog 
input may be lost in many acquisition 
designs. 


This is important 
because 
some ADC architectures 
are 


less effective than others in rejecting 
reference 
noise. If 
the reference 
settles poorly in response 
to current 
de- 


mands in the ADC, this may also be a noise source. 


Grounds, Bypassing, Shielding 


Success 
is never assured 
in a prototype--even 
in the 
best-designed 
data-acquisition 
systems. 
A problem's 


source can be obscure, 
but a verdict of "device failure," 


"poor accuracy," 
or "doesn't meet spec" often stems from 
a disregard 
for Ohm's Law and basic electro-magnetic 
principles. 
Solutions can range from compensating 
the 


scope probe to properly bypassing 
the power supply. 


If you are unsure 
about 
grounding, 
try to connect 
all 


signal, ADC, and power grounds 
to a single point. This 
minimizes 
the 
ground 
loops 
that 
generate 
unwanted 


currents when intersected 
by stray magnetic fields. It also 


prevents the voltage drop in current-carrying 
lines from 
affecting the ground reference of more sensitive circuits. 
Simpler "chain" grounding, 
on the other hand, allows the 


feedback 
from such voltage 
drops to cause DC errors 


and oscillation. 


Analog 
and digital 
circuitry 
for precision 
measurement 
should 
have separate 
power supplies, 
and ideally the 
analog and digital circuits should be completely 
isolated 
from one another. But full compliance 
with these ideals 
is seldom practical 
or cost effective. An effective power- 
supply compromise 
is to derive a separate, 
filtered sup- 
ply for analog and AID circuitry by adding an RC network 
to the system 
power 
supply. NO and 
D/A 
converters 
necessarily 
commingle 
their internal digital and analog 
circuits; 
if a device 
offers separate 
analog 
and digital 
ground 
pins, it's best to connect 
both to the one best 


(quietest and usually analog) ground only. 


Before 
cutting 
corners 
on 
grounding 
hardware 
and 
power-supply 
bypassing 
components 
you should care- 
fully 
consider 
whether 
the 
system 
is 
likely 
to 
be 
expanded. 
Noise sources that aren't a problem 
with a 


few channels 
may grow geometrically 
as channels 
are 
added. 
Shields 
(if present) 
should 
be considered 
as 
water-tight 
extensions of the overall enclosure. 
Shielded 
cables should be grounded 
at one end only, preferably 
at the end nearest the single-point 
ground. 


Murphy Meets Morrison 


Finally, never trust blindly in emulators and development 
systems 
when troubleshooting 
and debugging 
analog 
systems. These are invaluable 
time savers, but beware 
any results that conflict with common sense. Because the 
instruments 
provide second-hand 
information 
about the 
state of your hardware, 
they can be fooled 
by the very 
problem you are chasing. 


Once you know the problem's 
approximate 
location, 
it 
helps to remove, bypass, or clear away the buffers, inter- 
face ICs, and other devices that may mask the problem or 
confuse the issue. Then, there's no substitute for observa- 
tion right at the pins of a suspect 
device. Condemning 
evidence 
should be witnessed 
first hand. Also, if a "fix" 


doesn't work, be sure to remove it before searching on. 


A good 
text that takes 
much 
of the witchcraft 
out of 
grounding 
and 
other 
practical 
analog 
problems 
is 


Grounding 
and Shielding 
Techniques in Instrumentation 
by Ralph Morrison, 
published 
by Wiley and Sons, New 
York, NY. Though 
brief, it offers complete 
discussions 


without cumbersome 
levels of math. 
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+32,768 Count ADC with Serial Interface 


_______ 
General Description 


The MAX132 is a CMOS ±32,768 serial-output analog-to- 
digital converter (ADC). 
Multi-slope integration provides 
high-resolution 
conversions 
in less time than standard 
integrating ADCs. The MAX132 converts up to 200 conver- 
sions per second. 
Low conversion noise allows specifying 
electrical 
characteristics 
with a full scale of only 400mV 
(12~N per count). A simple 4-wire serial interface connects 
easily to all common microprocessors. 
Twos complement 
output simplifies decoding of bipolar measurements. 


Supply 
current 
is 65~A during 
normal 
operation 
and 
only 5~A in standby 
mode. 
Four serially programmed 
output 
bits can be used to control 
an external 
multi- 
plexer or programmable 
gain amplifier. 
The MAX132 
fits in a compact 
24-pin DIP or small outline 
package. 


Both commercial 
and 
extended 
temperature 
ranges 
are available. 
High resolution 
and compact 
size make 
this device 
ideal for data loggers, 
weigh scales, 
data- 


acquisition 
systems, 
and panel meters. 


__________ 
Applications 


Data Acquisition 


Control Applications 


Measurement 
of Analog Signals 
Pressure 
Resistance 
Flow 
Temperature 
Voltage 
Power 
Current 


_ 
CREF- 


CS 
v+ 


SCLK 
BUF OUT 


EOC 
INT OUT 


DIN .MAXIAII 
INT IN 


DOUT 
MAX132 
REF+ 


REF- 


AGND 


PO 
IN-La 


P1 
IN-HI 


P2 
V- 
-5V 


P3 
DGND 
OSC1 
OSC2 


• 
±32,708 Count Resolution 


• 
Conversions 
up to 200 per Second 


• 
Integrating 
ADC . Low Noise 


• 
±5V Supplies, 65 ~A Operation Current 


• 
5~A Standby Current 


• 
Digital Zero Reading on Command 


• 
Serial I/O Interface 


• 
Serial Programmed Logic Output for MUX and PGA 


PART 
TEMP. RANGE 
PIN· PACKAGE 


MAX132CNG 
O'C to +70'C 
24 Plastic DIP 


MAX132CWG 
O'C to +70'C 
2480 


MAX132C/D 
O'C 10 +70'C 
Dice' 


MAX132ENG 
-40'C to +85'C 
24 Plastic DIP 


MAX132EWG 
-40'C to +85'C 
2480 


MAX132ERG 
-40'C to +85'C 
24 CERDIP 


V+ 


BUF OUT 


INT OUT 


INT IN 


C REF- 


C REF+ 


REF+ 


REF- 


AGND 


P3 
IN-La 


EOC 
IN-HI 


DGND 
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+20,000 Count ADC with Parallel Interface 


_______ 
General Description 


The MAX135 is a CMOS, ±20,000 count parallel-output 
analog-to-digital 
converter 
(ADC). 
Multi-slope 
integra- 
tion provides 
high-resolution 
conversions 
in less time 


than standard 
integrating 
ADCs. 
The MAX135 converts 
up to 200 conversions 
per second. 
Low conversion noise 
allows specifing electrical characteristics 
with a full scale 


of only 300mV (151.tVper count). 
A simple S-bit parallel 
data bus and three control 
lines easily interface 
to all 
common 
microprocessors. 
Twos complement 
output 


simplifies decoding 
of bipolar measurements. 


Supply current is 65!!A during normal operation and only 
5!!A in standby 
mode. 
The MAX135 fits in a 2S-pin DIP 


or Small Outline 
package, 
both 
commercial 
and 
ex- 


tended 
temperature 
ranges are available. 
High resolu- 


tion and compact 
size make this device 
ideal for data 
loggers, 
weigh 
scales, 
data-acquisition 
systems, 
and 
panel meters. 


Data Acquisition 


Control Applications 


Measurement 
of Analog Signals 


Pressure 
Resistance 
Flow 
Temperature 
Voltage 
Power 
Current 


v+ 


BUFOUT 


INTOUT 


.NIAXUM 
INTIN 


MAX135 
REF. 


REF- 


AGNO 


IN-LO 


IN-HI 
cs 
lID 


WR 


EGG 
OSGl 


v- 


OGNO 
OSG2 


• 
±20,000 Count Resolution 


• 
Conversion 
Rate up to 200 per Second 


• 
Integrating ADC - Low Noise 


• 
±5V Supplies, 65!!A Operation Current 


• 
5!!A Standby Current 


• 
Digital Zero Reading on Command 


• 
a-Bit Parallel Twos Complement 
Interface 


• 
Three-State 
Logic Outputs 


PART 
TEMP. RANGE 
PIN·PACKAGE 


MAX135CPI 
O·C to +70·C 
28 Plastic 
DIP 


MAX135CWI 
O·C to +70·C 
28 Wide 
SO 


MAX135C/D 
O·C to +70·C 
Dice" 


MAX135EPI 
-40·C 
to +85·C 
28 Plastic 
DIP 


MAX135EWI 
-40·C 
to +85·C 
28 Wide 
SO 


MAX135EJI 
-40·C 
to +85·C 
28CERDIP 


BUFOUT 


INTOUT 


INTIN 


GREF- 


GREF+ 


REF+ 


REF- 


AGNO 


IN-LO 


AGNO 


IN-HI 


v- 


EOG 


~~I~JXI~~I 
300kHz 10-Bit A/D Converter 
with Reference and T/H 


General Description 


The MAX151 is a high-speed, easy-to-use, 
microproces- 
sor lJ.IP)compatible 
10-bit Analog-to-Digital 
Converter 
(ADC) with Track-and-Hold 
(T/H). Half-flash techniques 
allow 
a typical 
conversion 
time of 1.9ps with a Total 
Unadjusted 
Error (TUE) of ±1 LSB (Max). The converter 
has a OV to +5V analog 
input voltage 
range and uses 
±5V supplies. 


The MAX151 internally 
tracks 
and holds the analog 
input signal, 
eliminating 
the need for an external 
T/H 
when 
digitizing 
high-speed 
AC 
input 
signals. 
The 
MAX151 also contains 
an internal4V 
reference, 
mak- 
ing the part a complete, 
low-cost 
ADC. Power con- 
sumption 
is typically 
275mW. 


The MAX151 interfaces 
directly 
to aJiP by appearing 
as 
a-'1lemory 
location 
or !nQ.uVOutput 
(I/O) 
port. 
Read 
(RD) and Chip Select (CS) inputs control 
three-state 
outputs. 
Two interface 
modes 
ensure 
compatibility 
with 
most 
popular 
JlPs. The MAX151 is available 
in 
both 0.3" DIP and Wide SO packages. 
__________ 
Applications 


Digital Signal Processing 


High-Speed 
Data Acquisition 


Telecommunications 


High-Speed 
Servo Loops 


Audio Systems 


• 
10-Blt Resolution 
and Accuracy 


• 
±1 LSB Total Unadjusted 
Error 


• 
2.5ps Max Conversion 
Time 
(0.5ps Input Acquisition 
Time) 


• 
300kHz Sampling 
Rate 


• 
Internal 60ppm/oC 
Reference 


• 
1ppm/oC 
Gain and Offset Drift 


• 
Internal 
Clock 


• 
±5V Supplies with 275mW Power Dissipation 


• 
24-Pin 0.3" DIP and Wide SO Packages 


• 
Tested for DC and Dynamic 
Specifications 


PART 
TEMP. RANGE 
PIN-PACKAGE 
TUE 
(LSB) 


MAX151ACNG 
O°C to +70°C 
24. Plastic DIP 
1.0 


MAX151 BCNG 
O°C to +70°C 
24 Plastic DIP 
1.5 


MAX151ACWG 
O°C to +70°C 
24 Wide SO 
1.0 


MAX151 BCWG 
O°C to +70°C 
24 Wide SO 
1.5 


MAX151 BC/D 
O°C to +70'C 
Dice' 
1.5 


• Consult 
factory 
tor dice specification. 


Ordering 
information 
continued 
on page 11. 


_________ 
Block Diagram 


VREF(+) 


VREFH 


VIN 


300kHz 
10-Bit A/D 
Converter 
with Reference and T/H 


ABSOLUTE MAXIMUM RATINGS 


Voo to DGND 
-0.3V. +6V 


Voo to Vss 
-0.3V, +12V 
Voo to AGND 
-0.3V, +6V 
Digital 
Outputs 
and Inputs to DGND 
-0.3V, Voo +0.3V 


Analog 
Inputs 
to Vss 
-0.3V, Voo +0.3V 
REFOUT 
Current 
Indefinite 
Short to Voo or AGND 
Power 
Dissipation 
(Any Package) 
to +75°C 
1000mW 
Derate Above 
75°C 
by 
10mW/oC 


Max Junction 
Temperature 
MAX151C, 
MAX151E 
150°C 


MAX151M 
175°C 


Operating 
Temperature 
Ranges 
MAX151C 
O°C to +70°C 


MAX151E 
-40°C 
to +B5°C 


MAX151M 
-55°C 
to +125°C 
Storage 
Temperature 
Range 
-65°C 
to +160°C 


Lead Temperature 
Range (Soldering, 
10 sec.) 
..... 
+300°C 


Stresses 
beyond 
those listed under 
"Absolute MaxImum 
Ratings" 
may cause permanent 
damage 
to the device. 
These are stress ratings 
only. 
and 
functional 
operation 
aftha device at these or any other conditions beyond those indicated in the operational 
sections of the specifications 
is not implied. 


Exposure 
to absolute 
maximum 
rating conditions 
for extended 
periods 
may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(Voo = +5V, Vss = -5V; VREF- = OV,VREF+ = +5V; Slow Memory 
Mode; TA = TMINto TMAX,unless otherwise 
noted.) 


PARAMETER 
SYMBOL I 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


ADC ACCURACY 


Resolution 
10 
Bits 


Differential 
Nonlinearity 
DNL 
No missing 
codes guaranteed 
±1 
LSB 


Total Unadjusted 
Error 
TUE 
MAX151A 
±1 
LSB 
MAX151B 
±15 


Power-Supply 
Rejection 
Voo = ±5% 
Vss fixed 
±1/4 
LSB 
Vss = ±5% 
Voo fixed 
±1/4 


DYNAMIC 
PERFORMANCE 
(fs = 300kHz, VIN = 5Vp_pat 40kHz) 


Signal-to-Noise 
S/{N+D) 
55 
58 
dB 
Plus Distortion 
Ratio 


Total Harmonic 
Distortion 
THD 
First 5 harmonics 
-70 
-60 
dB 


Peak Harmonic 
or 
-70 
-60 
dB 
Spurious 
Noise 


Full-Power 
Input Bandwidth 
FPBW 
5 
MHz 


ANALOG 
INPUT 


Analog 
Input Range 
VREF- 
VREF+ 
V 


Input Resistance 
RIN 
10 
MO 


Input Capacitance 
CAIN 
In series with 1500 
150 
pF 


Input Current 
lAIN 
AIN = OV to Voo 
±10 
IJA 


REFERENCE 
INPUT 


Ladder 
Resistance 
VREF+ to VREF- 
0.5 
1 
kO 


Negative 
Reference 
Voltage 
IvAGNo--o.1 
VAGNO+O.1 
V 


Reference 
Voltage 
(Note 2) 
VREF+ to VREF- 
1 
Voo 
V 


INTERNAL 
REFERENCE 


Output 
Voltage 
TA=25°C 
3.970 
4.000 
4.030 
V 


Temperature 
Coefficient 
(Note 3) 
60 
ppmfOC 


External Load Current 
Must not change during conversion 
2 
mA 
(In addition 
to ladder current) 


Power-Suppy 
Rejection 
Voo = ±5% 
Vss fixed 
±3 
mV 
Vss =±5% 
Voo fixed 
±2 


Output 
Impedance 
0.4 
1.5 
0 


300kHz 10-BitA/D Conl/erter 


with Reference and T/H 


ELECTRICAL CHARACTERISTICS (Continued) 
(Voo ; +5V, Vss = -5V; VREF- 
= OV,VREF+ = +5V; Slow Memory 
Mode; TA = TMINto TMAX,unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


LOGIC 
INPUTS 


Input High Voltage 
V1H 
CS, RD 
2.4 
V 


Input Low Voltage 
VIL 
CS, RD 
0.8 
V 


Input Current 
IIN 
CS, RD; VIN = OV to Voo 
±10 
pA 


Input Capacitance 
(Note 1) 
CIN 
CS,RD 
10 
pF 


LOGIC 
OUTPUTS 


Output 
Low Voltage 
VOL 
BUSY, DBO-DB9IsINK 
= 1.6mA 
0.4 
V 


Output 
High Voltage 
VOH 
BUSY, DBO-DB9 ISAC; 200pA 
4.0 
V 


Floating 
State Current 
ILKG 
DBO-DB9 VOUT = OV to Voo 
±10 
pA 


Floating 
Capacitance 
(Note 1) 
COUT 
15 
pF 


POWER REQUIREMENTS 


Positive Supply 
Voltage 
Voo 
4.75 
5.25 
V 


Negative 
Supply 
Voltage 
Vss 
-4.75 
-5.25 
V 


Positive Supply 
Current 
IVoo 
CS = RD = 0, AIN = OV 
30 
45 
mA 
REFOUT 
connected 
to VREF+ 


Negative 
Supply 
Current 
IVss 
CS = RD = 0, AIN = OV 
25 
40 
mA 
REFOUT 
connected 
to VREF+ 


Power Dissipation 
PD 
CS = RD = 0, AIN = OV,Including 
275 
425 
mW 
Ladder; 
REFOUT 
connected 
to VREF+ 


TIMING CHARACTERISTICS 
(Voo = +5V, Vss = -5V; Guaranteed 
by design, 
unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
TA - +25°C 
TA = TMIN to TMAx 
UNITS 


MIN 
TYP 
MAX 
MIN 
MAX 


CS to RD Setup Time 
tcs 
0 
0 
ns 


CS to RD Hold Time 
tCH 
0 
0 
ns 


Data Access Time (Notes 4, 5) 
tAD 
CL = 100pF 
70 
120 
180 
ns 


Bus Relinquish 
Time 
tOH 
70 
100 
ns 
(Notes 4, 5) 


Conversion 
Time (Note 4) 
tCONV 
1.9 
2.5 
2.5 
p5 


RD to BUSY Delay (Note 4) 
tausy 
CL = 100pF 
70 
140 
200 
ns 


Data Setup Time After 
ta 
30 
50 
ns 
BUSY (Notes 4, 5) 


Delay Between 
Conversions 
With Rs<500 
500 
500 
ns 


to 
With Rs < 1kO 
1.5 
1.5 
p5 


RD Pulse Width 
tAPW 
To minimize 
digital 
300 
300 
ns 
coupling 
in ROM Mode 


Aperture 
Delay 
tAP 
30 
ns 


Aperture 
Jitter 
100 
ps 


Note 1: Guaranteed 
by design, not 100% tested. 


Note 2: Reduce accuracy 
at low reference 
voltages. 
See Typical Operating 
Characteristics. 
Note 3:VREF Tempco = .o.VREF/.o.T,where .o.VREF is the change 
in the reference 
voltage from TA = 25°C to TMINorTMAx. 


Note 4: 100% production 
tested. 


Note 5: All input control 
signals are specified 
with t, = t, = 5ns (10% to 90% of +5V) and timed from a voltage level of +1.6V. tADand ta are 


measured 
with the load circuits 
of Figure 1 and defined 
as the time required 
for an outputto 
cross 0.8Vor2.4V. 
tOHis defined 


as the time required 
for the data lines to change 
0.5V when loaded with the circuits 
of Figure 2. 
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Converter 
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PIN 
NAME 
FUNCTION 
1 
TP 
TestPin, leaveopen. 


2 
VREF+ 
PositiveLadder Input, upper 
limit of referencespan.Set 
the full-scale input voltage. 
Range:1Vto Voo. 
3 
AIN 
(Sampling)Analog Input 


4 
REFOUT 
.+4VReferenceOutput, usu- 
ally connected to VREF+. 


5-6 
DBX 
(Reservedfor DB0-1,future 
12-bi1version,= LOW.) 


7-10 
DBo-DB3 
Three-StateDataOutput, 
Bits 0-3 


11 
BUSY 
Busy StatusOutput, low 
when conversion is in pro- 
gress. 


12 
DGND 
Digital Ground. 


_______ 
Detailed 
Description 


ADC Operation 


The 
MAX151 
half-flash 
AID 
converter 
contains 
31 


comparators. 
The analog 
input 
is sampled 
by each 


comparator 
and compared 
to a resistive ladder DAC. A 


5-bit coarse conversion 
result is then generated 
from 


the ladder DAC, subtracted 
from the analog input, and 


compared 
to a 2nd resistive ladder. 5 coarse and 5 fine 


bits are output 
in 10-bit wide parallel output format. 


The voltage at the top and the bottom of the reference 
ladder 
determines 
the MAX151's zero-scale 
and full- 


scale input voltage. The analog input can range from OV 
to +5V. An internal reference provides a 4.000V nominal 
output 
and is used by connecting 
REFOUT to VREF+ 


and VREF- to AGND. The reference provides up to 2mA 
of external 
load current 
in addition 
to the current 
it 


supplies 
to the 
internal 
ladder. 
Figure 
3 shows 
the 


MAX151 in a typical 
application. 


Analog Input· T/H 


The MAX151 input can be modeled 
as a 150pF load in 


series with 
1500 (Figure 
4). The comparator's 
input 
capacitance 
acts as a "hold" 
capacitor 
and must be 
completely 
charged by the input signal with every AID 


conversion. 


The 
input 
signal 
sees AIN 
as a capacitor 
which 
is 


switched 
between 
itself 
and 
AGND. 
Between 
con- 


versions, 
the 
signal 
is tracked 
by 
connecting 
the 


capacitor 
to AIN. When a conversion 
begins, the capa- 
citor disconnects 
from the analog 
input, and the AID 
performs 
its conversion. 
At the end of the conversion, 
it 
reconnects 
to the input and charges to the input signal. 


PIN 
NAME 
FUNCTION 


13 
Vss 
NegativeSupply,-5V. 


14 
CS 
Chip Select Input, must be 
low for the ADC to recog- 
nize RD. 


15 
RD 
Active Low ReadInput, 
starts conversionwhen CS 
is low.RD also enablesthe 
output drivers when CS is 
low. 


16-21 
DB4-DB9 
Three-StateData Output, 
Bits 4-9 


22 
Voo 
PositiveSupply,+5V 


23 
AGND 
Analog Ground 


24 
VREF- 
NegativeVoltageLadder 
Input, lower limit of refer- 
ence span.Set the zero- 
code voltage.Range:AGND 
±0.1V 


The MAX151 can digitize a variety of high-speed 
input 


signals without 
an external sample-and-hold. 
Although 


the conversion 
time for the MAX151 is 1.9J1s,the time 


the input must be stable is much less. 


The time needed forthe TIH to acquire an input signal is 
a function 
of how quickly 
the input capacitance 
can be 


charged. 
If the input signal's source impedance 
is high, 


the acquisition 
time lengthens 
and more time must be 


allowed 
between 
conversions. 
Acquisition 
time 
is 


calculated 
by: 


tACO= 10(Rs + 1500)150pF 
(but never less than 500ns) 


Where Rs = source impedance 
of the input signal. 


The MAX1 ~samples 
the analog input approximately 


30ns after RD and CS (which are internally 
NANDed) 


are pulled 
low. This aperture 
delay is caused 
by the 


propagation 
delay of the internal logic. The variation 
in 


this delay from 
one conversion 
to the next is called 


aperture jitter, and it is typically 
less than 100ps. 


The architecture 
of the MAX151 allows signals with high 


slew rates to be converted 
without 
error (Figure4). 
The 


errors caused by fast input signals are far less than the 
errors caused in a conventional 
SAR type ADC without 


sample-and-hold: 
a 1J1sSAR converter would be unable 


to measure 
a 1kHz, 5V sine wave without 
using 
an 


external 
sample-and-hold. 
With 
no external 
sample- 


and-hold, 
the 
MAX151 can typically 
measure 
5Vp-p, 


100kHz waveforms. 
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3. MAX151 Operational 
Diagram 
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Input Drille Requirements 


To fully utilize the speed advantages ofthe MAX151, the 
mput should 
be driven by a fast settling 
op amp. The 
OP-42 and AD711 are 1D-bit accurate 
op amps which 
can drive the MAX151. Both settle to 0.01% in less than 
1tJS. 
On the other 
hand, since the acquisition 
time can be 
user controlled 
by adding delay between conversions, 


a slow 
amplifier 
or 
no amplifier 
can 
be used. 
For 


example, 
with a 1kO driving 
impedance, 
waiting 
1.5tJS 
between 
conversions 
ensures 
1D-bit accuracy. 
The 
MAX400 amplifier 
works well as an input buffer atthese 
reduced conversion 
rates. 


The analog 
input 
can be easily 
offset 
by the driving 
amplifier 
to obtain 
a ±4V bipolar 
input range for DSP 
applications 
(Figure 4). 


Input Current 


The MAX151 input behaves somewhat 
differently 
from 
conventional 
ADCs. 
Data-sampling 
comparators 
take 
varying 
amounts 
of current 
from 
the input. 
Figure 
5 
shows the equivalent 
input circuit. When the conversion 


starts, 
AIN 
is disconnected 
from 
the 
analog 
input 
signal. 
When 
BUSY 
goes high at the end of a con- 


version, AIN is connected 
to 31 2pF capacitors. 
During 
this tracking 
phase (BUSY = High), the input capacitors 


"'''''I'''JX 1"'''''1 
7-27 


must 
be charged 
to the 
input 
voltage 
through 
the 


resistance 
of the internal 
analog 
switches 
(typically 


1500). 
In addition, 
about 
90pF of stray 
capacitance 


must be charged. 


Internal Reference 


The MAX151 has a +4.00V buried zener reference. 
The 


reference 
output 
is available 
at REFOUT and must be 


bypassed 
to AGND with a 10pF tantalum 
capacitor 
in 


parallel with a 0.1pF ceramic capacitor. 
The capacitors 


minimize 
noise by providing 
a low impedance 
path to 


ground 
for high-frequency 
signals. 
These capacitors 


should 
be connected 
even if the internal 
reference 
is 


not used. A resistor 
must NOT be connected 
between 


the bypass capacitors 
and REFOUT. In addition 
to the 


current 
it supplies 
to the ladder, the internal 
reference 


output 
buffer 
can 
source 
up 
to 
2mA 
for 
external 


circuitry. 


To use the on-chip 
reference, 
connect 
REFOUT 
to 


VREF+ and 
VREF- 
to ground. 
The 4.00V output 
is 


referenced to AGND. Forthe 
majority of 1D-bit measure- 


ment applications, 
use the internal reference. If desired, 


an external 
reference 
can be used as an alternative 


(Figures 6-8). 
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OVto +2.5V 
ANALOG 
INPUT 


The VREF+ and VREF- 
inputs 
set the full-scale 
and 


zero-input 
voltages 
of the A/D. 
More 
precisely, 
the 


voltage at VREF- defines the input which produces 
an 
output code of all Os,and the voltage at VREF+ defines 
the 
input 
which 
produces 
an output 
code 
of all 1s 


(Figure 9). 


Gain and Offset Adjustment 


Figure 9 shows the nominal 
unipolar 
transfer function 
of the MAX151. Code transitions 
occur at successive 


integer 
Least 
Significant 
Bit 
(LSB) 
values. 
Output 
coding 
is natural binary with 1LSB = 3.91 mV (4VJ1024) 
for a 4V reference. 


End-point 
errors 
are very low. But, if the end points 


(offset and full scale) need to be adjusted 
to compen- 
sate for errors from other components 
in the system, 


use the following 
techniques. 
In applications 
where 


full-scale 
adjustment 
is required, 
the connection 
in 
Figure 
10 provides 
±0.5%, or ±5 LSBs of adjustment 


range. If both offset and full-scale 
range need adjust- 
ment, the circuit 
in Figure 11 is recommended. 
Offset 


should 
be adjusted 
before full-scale. 
For the MAX151 


(OV to +4V input 
range), apply 
1/2 LSB (2mV) to the 
analog 
input and adjust R12 so the digital 
output code 


changes 
between 
00000 00000 and 00000 00001. To 
adjust full-scale, apply FS-3/2LSB (3.994mV) and adjust 
R8 until the output 
code changes 
between 1111111110 
and 
11111 11111. There 
may 
be 
slight 
interaction 
between adjustments. 
If an input gain of 2 is acceptable, 


the 
connection 
in 
Figure 
11 can 
be simplified 
by 
removing 
R5 and R6. 


Starting a Con"ersion 


The ADC is controlled 
by the CS and RD inputs. The 


T/H holds the value of the input signal..M1d a conversion 
~ered 
by the falling 
edge of CS and RD. The 
BUSY output goes low as soon as the conversion 
starts. 
BUSY goes high at the end of the conversion, 
and the 
result is latched into three-state 
output 
buffers. 


Digital Interlace 


The MAX151 has two basic interface 
modes: The Slow 


OUTPUT 
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f 


FULL·SCALE 


1111111111 
TRANSITjIlON 


1111111110 


1111111101 
, 


I 
" 
I 
,- 


I 
" 
I 
,- 


0000000011tL::SB: 
FS : VREF+. 
VREF- 
0000000010 
1024 
1024 


0000000001 
VREF+ 


0000000000 
----- 
I 
I 
~ 


VREF- 
1 
2 
3 
+ 
FS 


FS·1LSB 


Memory 
Mode 
requires 
handshaking, 
but the 
ROM 
Mode does not. The length of the RD pulse tells the chip 
which mode is anticipate.!i..ln 
both modes, conversions 
are initiated 
by a falling 
RD and CS signal. 


In the Slow Memory Mode, thepP actively holds RD low 
until 
a complete 
conversion 
has 
been 
performed. 


During the conversion, 
the data outputs are active with 
the data from the previous 
conversion. 
After the con- 
version ends (teOMll1J.he pP can read the result of the 
conversion. 
The BUSY signal is used as a handshake to 
tell the pP when a conversion 
ends. 


In the ROM Mode, a short RD pulse starts a conversion 
and reads the result of the previous 
conversion. 
Note, 


the width of this pulse should 
not exceed 300ns. 
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Figure 13. Timing Diagram-ROM 
Mode 


Layout, Grounding and Bypassing 


For best system 
performance, 
printed 
circuit 
boards 
should 
be used 
(wire-wrap 
boards 
are not 
recom- 
mended). 
In layout, 
separate 
the digital 
and analog 
signal 
lines as much as possible. 
Analog 
and digital 


lines should 
not run parallel, 
and digital 
lines should 


not run underneath 
the ADC package. 


Figure 
14 shows 
the 
recommended 
power-supply 
grounding 
connections. 
A single-point 
analog 
STAR 
ground 
should 
be established 
at AGND separate from 


the logic ground. 
All other analog grounds 
and DGND 


should 
be connected 
to this STAR ground. 
No other 


digital system grounds should be connected 
here. The 
ground 
return 
to the power 
supply 
from 
this STAR 


ground 
should be low impedance 
and as short as pos- 


sible for noise-free 
operation. 


Power 
supplies 
should 
be bypassed 
to the analog 
STAR ground 
with O.1pFand 10pF bypass capacitors. 


Capacitor 
leads should have minimum 
length for best 


noise rejection. 
High-speed 
sampling 
capability 
and up to 333 ksam- 
_______ 
D"namic Performance 
ples/sec 
throughput 
make the MAX151 ideal for wide- 


I 
band signal 
processing. 
To support 
these and other 
ADCs havetraditionaJly 
been evaluated by specifications 
related applications, 
Fast Fourier Transform 
(FFT) test 


such as zero and full-scale 
error, Integral 
Nonlinearity 
techniques 
are used to guarantee 
the AID's 
dynamic 


(INL), and Differential 
Nonlinearity 
(DNL). Such param- 
frequency 
response, distortion 
and noise at the rated 
eters are accepted for specifying 
performance 
with DC 
throughput. 
This 
involves 
applying 
a low-distortion 
and slowly 
varying 
signals, 
but less useful 
in signal 
sine wave to the ADC input and recording 
the digital 
processing 
where 
the AID's 
impact 
on the system 
conversion 
results for a specified time. The data is then 


transfer is the main concern. The significance 
of various 
analyzed using an FFT algorithm 
to determine 
spectral 


DC errors does not translate well to the dynamic 
case, 
content. 
Conversion 
errors 
are seen as spectral 
ele- 


so different 
tests are required. 
ments outside of the fundamental 
input frequency. 
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Signa/-to-Noise Ratio 
and Effective Number of Bits 


The ratio of the RMS amplitude 
of the fundamental 
input frequency 
to the RMS amplitude 
of all other AID 
output signals is the Signal-to-Noise 
Ratio (SNR). This 


includes 
distortion 
and noise 
components. 
For this 
reason, 
the ratio is also referred 
to as S/(N 
+ D), or 
Signal-to-Noise 
plus Distortion. 


The 
theoretical 
minimum 
AID 
noise 
is caused 
by 
quantization 
error 
and 
a direct 
result 
of the 
AID's 
resolution: 


SNR = (6.02N + 1.76)dB 


where N is the number 
of bits of resolution. 
A perfect 


10-bit AID can do no better than 62dB. Figure 15 shows 
the result of sampling a pure 40kHz sinusoid at a 300kHz 
rate. The FFT plot of the output shows the output 
level 
in various spectral bands (Figure 15). 


By transposing 
the equation 
which converts resolution 


to SNR, the effective resolution or the "Effective Number 
of Bits" the AID provides 
can be determined 
from the 
measured SNR: 


N = (SNR-1.76)/6.02 


Figure 
16 shows 
the 
Effective 
Number 
of Bits as a 
function 
of the input frequency 
for the MAX151. 


Total Harmonic Distortion 


The ratio of the RMS sum of all harmonics 
of the input 
signal 
to 
the 
fundamental 
itself 
is Total 
Harmonic 
Distortion 
(THO). This is expressed as: 


THO = 20Log[V(vl 
+ vl 
+ vi 
+ ... + VN2)Nl1 


where Vl is the fundamental 
RMS amplitude 
and V2 to 
VN 
are 
the 
amplitudes 
of 
the 
2nd 
through 
nth 
harmonics. 
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Peale Harmonic or Spurious Noise 


The ratio of the RMS amplitude 
of the fundamental 


input 
frequency 
to the amplitude 
of the next largest 


spectral 
component 
is referred 
to as the Peak Har- 


monic or Spurious 
Noise. Usually this peak occurs 
at 


some harmonic 
of the input frequency. 
But, if the ADC 


is exceptionally 
linear, it may occur only at a random 


peak in the ADC's noise floor. 


PART 
TEMP.RANGE 
PIN-PACKAGE 
TUE 
(LSB) 


MAX151AENG 
-40° C to +85° C 
24 Plastic DIP 
1.0 


MAX151BENG 
-400 C to +85° C 
24 Plastic 
DIP 
1.5 


MAX151AEWG 
-400 C to +85° C 
24 Wide SO 
1.0 


MAX151BEWG 
-40° C to +85° C 
24 Wide SO 
1.5 


MAX151AMRG 
-55°C to +125°C 
24 CERDIP 
1.0 


MAX151BMRG 
-55°C 
to +125°C 
24 CERDIP 
1.5 
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_______ 
General Description 


The 
MAX153 
high-speed, 
microprocessor-compatible 


(IlP), 8-bit analog-to-digital 
converter 
(ADC) uses a half- 
flash technique 
to achieve a 400ns conversion time. The 
device has a 100kHz input-signal 
bandwidth, 
and a Vss 
~orts 
dual power supplies and bipolar inputs. 
A 
POWER DOWN pin reduces current consumption 
to less 
than 100llA 


The MAX153's track-and-hold 
(T/H) 
function 
capable 
of 


digitizing 
a 2MHz signal, and is static and dynamically 


tested. 
The converter-IlP 
interface appears as a memory 


location 
or input/output 
port that requires 
no external 
interface logic. The data outputs use latched, three-state 
buffered circuitry for direct connection 
to a IlP data bus 
or system input port. The ADC's input/reference 
arrange- 


ment enables ratiometric operation. 


Digital-Signal 
Processing 


High-Speed 
Data Acquisition 


Telecommunications 


High-Speed 
Servo Loops 


Audio Systems 


12 
VREF+ 


11 
VREF-, 


VIN 


Do-D7 
DATA 
OUT 
PINS 
2-5. 
14-17 


~1I1~JXI~1I1 


400ns JlP·Compatible, 


B·Bit ADC with Tracie/Hold 


• 
400ns Conversion 
Time 


• 
20·Pin Narrow DIP Package 


• 
No External Clock 


• 
100kHz Input Signal Bandwidth 


• 
Bipolar/Unipolar 
Inputs 


• 
Single/Dual 
+SV Supplies 


• 
Ratiometric 
Reference Inputs 


• 
Static and Dynamically 
Tested 


• 
POWER DOWN 


• 
Internal Track/Hold 


PART 
TEMP. RANGE 
PIN·PACKAGE 


MAX1S3CPP 
O'C to +70"C 
20 Plastic DIP 


MAX1S3CWP 
O'C to +70'C 
20 Wide SO 


MAX1S3COP 
O'C to +70'C 
20 PLCC 


MAX1S3C/D 
O'C to +70'C 
Dice' 


MAX1S3EPP 
-40'C to +8S'C 
20 Plastic DIP 


MAX1S3EWP 
-40'C to +8S"C 
20 Wide SO 


MAX1S3MLP 
-SS'C to + 12S'C 
20 LCC" 


MAX1S3MJP 
-SS'C to + 12S'C 
20 CERDIP" 


, Contact factory for dice specifications 
. 


•, Contact factory for availability 
and processing 
to MIL -STD-883. 


________ 
Pin Configurations III 


VDD 


Vss 


PWRDN 


D7 


D6 


D5 


D4 


cs 


ADVANCE INFORMATION 
First Page of Data Sheet in Preparation 
~~I~JXI~~I 


High-Speed, 8-Sit ADCs with 


8/4 Simultaneous T/Hs and Reference 


_______ 
General Description 


The MAX155/MAX156 
are high-speed, 
multi-channel 
8-bit 
analog-to-digital 
converters 
(ADC) 
with simulta- 
neous Track-and-Hold 
(T/H) and 8 x 8 dual-port 
RAM. 


The 
MAX155 
has 8 analog 
input 
channels, 
and 
the 
MAX156 has 4 analog input channels. Each channel has 
a separate T/H that holds the signal for the internal ADC. 
The ADC converts each channel in 3.6~s and stores the 
result in the RAM. The MAX155/MAX 156 also feature a 2.5V 
on-chip 
reference, forming a complete 
high-speed 
data 


acquisrtion system. 


These devices can be used with a single 5V supply and 
perform 
unipolar 
or bipolar 
conversions 
with 
single- 
ended or differential 
inputs. 
For applications 
where an 
extended input range or bipolar conversion about ground 
is important, 
an optional 
negative 
supply 
pin (labeled 
Vss) is provided. 


Conversions 
are initiated with a WR pulse, and data is 
accessed 
with a RD pulse. 
Bidirectional 
Input/Output 
pins can be used to update the chip's command register. 
Hard-wired 
modes of operation, which bypass the com- 


mand register, are also provided. 


Digital Oscilloscope 


Vibration Analysis 


Input for DSP 


Digital-Strip 
Chart Recorder 


High-Speed 
Phase-Sensitive 
Data Acquisition 


Functional Diagram 


;MAX •.••••• 


AINO 
TIH 
MAX155 


AINl 
TIH 
elK 
REFIN 


AIN2 
TIH 
[ID---- 
VREF 
REFOUT 


AIN3 
TIH 


AIN4 
TIH 


B B-BIT 
DATA 
BUS 


AIN5 
TIH 


AIN6 
TIH 


AIN7 
cs 
Jill. 
WR 
MOOE 


• 
One-Chip Data Acquisition 
System 


• 
8 or 4 Analog Input Channels 


• 
Single-Ended 
or Differential 
Inputs 


• 
Simultaneous 
T/H 
• 
3.6~s Conversion 
Time per Channel 


• 
On-Chip 8 x 8 Dual-Port RAM 


• 
Internal 2.5V Reference 


• 
Single +5V Supply Operation 
_______ 
Pin Configurations 


Voo 


AGNO 


REFIN 


REFOUT 


DO/AD 


D1/Al 


D2/A2 


03/PD 


D4/INH 


D5/BIP 


AIN2 


AIN3 


Voo 


AGND 


REFIN 


REFOUT 


OO/AO 


D1/Al 


D2 


D3/PD 


D4~NH 


D5/BIP 


..I1f'1..IJ X 1..I1f'1 
Maxim Integrated Products 
7-35 


NI/JX •.Nl 
is a registered 
trademark 
of Maxim Integrated 
Products. 


Complete High-Speed CMOS 12-8it 
ADC 


_______ 
General Description 


The MAX162 and MX7572 are complete 
12-Bit analog- 


to-digital 
converters 
(ADC's) that combine 
high speed, 


low 
power 
consumption, 
and 
an 
on-chip 
voltage 


reference. 
The 
conversion 
times 
are 
3Jls 
(MAX162) 


and 5 and 12Jls (MX7572). The buried zener reference 
provides 
low drift 
and low noise performance. 


External 
component 
requirements 
are limited 
to only 


decoupling 
capacitors 
for 
the 
power 
supply 
and 


reference 
voltages. 
On-chip 
clock 
circuitry 
is also 


included 
which 
can either 
be driven from an external 
source, 
or in stand-alone 
applications, 
can be used 


with a crystal. 


The MAX162/MX7572 
uses a standard 
microprocessor 


interface 
architecturL 
Three-state 
data 
Qillputs 
are 


controlled 
by Read (RD) and Chip Select (CS) inputs. 
Data access 
and 
bus release 
times 
of 90 and 
75ns 


respectively 
ensure 
compatibility 
with 
most 
popular 
microprocessors 
without 
resorting 
to wait states. 
__________ 
Applications 


Digital 
Signal 
Processing 
(DSP) 


High Accuracy 
Process 
Control 


High Speed Data Acquisition 


Electro-Mechanical 
Systems 


22iftJSV 


21 
~ 


20 iili 


19 
HBEN 


• 
12-Bit Resolution 
and Linearity 


• 
3Jls (MAX162), 
5Jls and 12JJs(.MX7572) 
Conversion 
Times 


• 
No missing 
Codes 


• 
On-Chip 
Voltage 
Reference 


• 
90ns Access 
Time 


• 
215mW Max Power 
Consumption 


• 
24-Lead 
Narrow 
DIP Package 


PART 
TEMP. RANGE 
PACKAGE' 
ERROR 


31'sCONVERSION TIME 


MAX162ACNG 
O'C to +70'C 
Plastic DIP 
±'h LSB 


MAX162BCNG 
O'C to +70'C 
Plastic DIP 
±1 LSB 


MAX162CCNG 
O'C to +70'C 
Plastic DIP 
±1 LSB 


MAX162ACWG 
O'C to +70'C 
Wide SO. 
±'h LSB 


MAX162BCWG 
O'C to +70'C 
Wide SO 
±1 LSB 


MAX162CCWG 
O'C to +70'C 
Wide SO 
±1 LSB 


MAX162CC/D 
O'C to +70'C 
Dice" 
±1 LSB 


MAX162AING 
-25' C to +85' C 
Plastic DIP 
±'h LSB 


MAX162BING 
-25' C to +85' C 
Plastic DIP 
±1 LSB 


MAX162CING 
-25'C to +85'C 
Plastic DIP 
±1 LSB 


MAX162AMRG 
-55'C to +125'C 
CERDIP 
±'h LSB 


MAX162BMRG 
-55'C to +125'C 
CERDIP 
±1 LSB 


MAX162CMRG 
-55'C to +125'C 
CERDIP 
±1 LSB 


• 
All devices 
- 
24 lead packages 
•• 
Consult 
factory 
for dice specifications 


Ordering 
Information 
continued 
on last page. 


________ 
Pin Configuration 
__ 


Complete High-Speed CMOS 12-8it ADC 


VDD to DGND 
-0.3V 
to +7V 
Vss tD DGND 
.......•.....•.•...•.•....... 
+0.3V to -17V 
AGND 
to DGND 
..................•... 
-0.3V, 
VDD + 0.3V 
AIN 
to AGND 
....................•........ 
-15V to +15V 
Digital 
Input 
VDltage 
to DGND 
-0.3V, 
VDD + 0.3V 


(Pins 
17, 19-21) 
Digital 
Output 
Voltage 
tD DGND 
-0.3V, 
VDD + 0.3V 


(pins 
4-11. 13-16, 18, 22) 


Operating 
Temperature 
Ranges 
MAX162XC, 
MX7572JN, 
KN, LN, 
JCWG, 
KCWG, 
LCWG 
O°C to +70°C 
MAX162XI, 
MX7572AO, 
BO, CO 
-25°C 
to +85°C 
MAX162XM, 
MX7572S0, 
TO, 
UO 
-55°C 
to +125°C 
Storage 
Temperature 
Range........... 
-65°C 
to +160°C 
Power 
Dissipation 
(any 
Package) 
to +75°C 
1000mW 
Derates 
Above 
+75°C 
by 
10mWfOC 
Lead Temperature 
(Soldering 
10 seconds) 
+300° C 


Stresses 
above 
those listed under 
"Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to the device. 
These are stress ratings 
only. and 
functional 
operation 
of the device 
at these or any other 
conditions 
above 
those indicated 
in the operational 
sections 
of the specifications 
is not 
implied. 
Exposure 
to absolute 
maximum 
ratings 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL CHARACTERISTICS 


(Voo = +5V ±5%. Vss = -15V ±5%; Slow Memory Mode; TA = TMIN to TMAX unless otherwise 
noted. 
felK = 4MHz for MAX162. 25MHz 
for MX7572XX05 and 1MHz for MX7572XX12) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


ACCURACY 


Resolution 
12 
Bits 


MAX162A, MX7572L/C/U 
TA = 25'C 
±1/2 


Integral Non-Linearity 
INL 
MAX162AC, 
AI, MX7572L/C 
±1/2 
LSB 
MAX162AM. 
MX7572U 
±3/4 
MAX 162B/C, MX7572K/B/TIJ/NS 
±1 


Differential Non-Linearity 
DNL 
Guaranteed 
Monotonic 
Over Temp. 
±1 
LSB 


MAX162C. 
TA=25"C 
±4 
MX7572J/NS 
TA = TMIN to TMAX 
±6 


Offset Error (Note 1) 
MAX162B, 
TA=25"C 
±3 
LSB 
MX7572K/B/T 
TA = TMIN to TMAX 
+5 


MAX162A, 
TA = 25'C 
±3 
MX7572L/C/U 
TA = TMIN to TMAX 
±4 


MAX162C. 
TA=25'C 
±15 
MX7572J/NS 


Full Scale Error (Note 2) 
MAX162B, 
TA = 25'C 
±10 
LSB 
MX7572K/B/T 


MAX162A, 
TA = 25'C 
±10 
MX7572L/C/U 


Full Scale Tempeo (Notes 3,4) 
MAX162C. MX7572J/NS 
±45 
ppml'C 
MAX162B/A. 
MX7572K/B/T, 
MX7572L/C/U 
+25 


ANALOG 
INPUT 


Input Voltage Range 
For Bipolar Input see Figures 19-21 
a 
5 
V 


Input Current 
AIN = OV to +5V 
35 
mA 


INTERNAL 
REFERENCE 


VREFOutput Voltage 
TA = 25'C 
-5.2 
-525 
-5.3 
V 


VREFOutput Tempeo (Note 5) 
MAX162C. MX7572J/NS 
40 
ppmrC 
MAX162B/A, 
MX7572K/B/T, 
MX7572L/C/U 
20 


Output Current Sink Capability 
(Note 6) 
500 
~A 


Complete High-Speed CMOS 12-8it ADC 


ELECTRICAL CHARACTERISTICS 
(Continued) 


(VDD = +5V ±5%, Vss = -15V ±5%; Slow Memory Mode; TA = TMIN to TMAX unless otherwise 
noted. 
fClK = 4MHz for MAX162, 25MHz 
for MX7572XX05 
and 1MHz for MX7572XX12) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


POWER SUPPLY REJECTION 


VDDOnly 
FS Change, Vss = -15V, VDD = 4.75 to 5.25V 
±1/2 
LSB 


FS Change, VDD = 5V 
VssOnly 
MAX 162/MX7572 
VSS = -14.25V to -15.75V 
±1/8 
LSB 


MAX162 
VSS = -11AV to -12.6V 
±1/8 
LSB 


LOGIC INPUTS 


Input Low Voltage 
Vil 
CS, RO, HBEN, CLKIN 
0.8 
V 


Input High Voltage 
VIH 
CS, RO, HBEN, CLKIN 
2A 
V 


Input Capacitance 
(Note 7) 
CIN 
CS, RO, HBEN, CLKIN 
10 
pF 


Input Current 
IIN 
CS, RO, HBEN, 
[VIN=OtoVDD 
±10 
~A 
CLKIN 
±20 


LOGIC OUTPUTS 


Output Low Voltage 
VOL 
011-00/8, 
BUSY, CLKOUT ISINK = 1.6mA 
OA 
V 


Output High Voltage 
VOH 
011-00/8, 
BUSY, CLKOUT ISOURCE= 200~A 
4 
V 


Floating State Leakage Current 
IlKG 
011-00/8, 
VOUT = OV to VDD 
±10 
~A 


Floating State Output 
COUT 
15 
pF 
Capacitance 
(Note 7) 


CONVERSION 
TIME 


Synchronous 
3.25 


MAX162 
tCONV 
fClK = 4MHz 
(13 clock cycles) 
~s 
Asynchronous 
3 
3.25 
(12 to 13 clock cycles) 


Synchronous 
5 


MX7572XX05 
tCONV 
fClK = 2.5MHz 
(12.5 clock cycles) 
~s 
Asynchronous 
4.8 
5.2 
(12 to 13 clock cycles) 


Synchronous 
125 


MX7572XX12 
tCONV 
fClK = 1MHz 
(12.5 clock cycles) 
~s 
Asynchronous 
12 
13 
(12 to 13 clock cycles) 


POWER REQUIREMENTS 


VDD 
±5% for Specified 
Performance 
475 
5 
5.25 
V 


Vss (Note 8) 
±5% MAX162 
-12 or -15 
V 
±5% MX7572 
-15 


IDD 
CS = RO = VDD, AIN = 5V 
5 
7 
mA 


Iss 
CS = RO = VDD, AIN = 5V 
8 
12 
mA 


Power Dissipation 
VDD = +5V, VSS = -15V 
145 
215 
mW 


Note 1: Typical change 
over temp is ±1 LSB 


Note 2: VDD = +5V, VSS = -15V, FS = +5000V, 
Ideal last code transition 
= FS -3/2LSB 


Note 3: Full Scale TC = LlFS/LlT, where LlFS is full scale change 
from TA = 25'C to TMIN or TMAX 


Note 4: Includes internal reference drift. 
Note 5: VREFTC = LlVREF/LlT,where LlVREFis reference 
voltage change 
from TA = 25'C to TMIN or TMAX 


Note 6: Output current should not change 
during conversion. 


Note 7: Guaranteed 
by design, 
not subject to test. 


Note 8: VSS = -12V ±5% for the MAX162 only. 
Functional operation 
is guaranteed 
by testing offset error and full scale error. 


DI 


Complete High-Speed CMOS 12-8it ADC 


TIMING CHARACTERISTICS (Note 9) 
(Voo = +5V, vss = -15V; TA = T MIN 
to T MAX 
unless otherwise 
noted.) 


MAX162C/I 
MAX162M 
TA = 25°C 
MX7572JIKIL 
PARAMETER 
SYMBOL 
CONDITIONS 
MX7572A1B/C 
MX7572SiTlU 
UNITS 


MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 


CS to RD Setup Time 
t, 
0 
0 
0 
ns 


RD to BUSY Delay 
t2 
CL = 50pF 
90 
190 
230 
270 
ns 


Data Access Time (Note 10) 
t3 


CL = 20pF 
60 
90 
110 
120 
CL = 100pF 
70 
125 
150 
170 
ns 


RD Pulse Width 
t, 
t3 
t3 
t3 


CS to RD Hold Time 
ts 
0 
0 
0 
ns 


Data Setup Time After BUSY 
t6 
70 
90 
100 
ns 
Note (10) 


Bus Relinquish 
Time (Note 11) 
t7 
20 
75 
20 
85 
20 
90 
ns 


HBEN to RD Setup Time 
t. 
0 
0 
0 
ns 


HBEN to RD Hold Time 
t9 
0 
0 
0 
ns 


Delay Between Read Operations 
tlO 
200 
200 
200 
ns 


Note 9: 
Timing 
specifications 
are sample tested at 25°C to ensure compliance. 
All input control 
signals are specified 
with 
t, = tf = 5ns (10% to 90% of +5V) and timed from a voltage 
level of +1.6V. 


Note 10: 
t3 and t6 are measured 
with the load circuits 
of Figure 
1 and defined 
as the time required 
for an output 
to cross 
0.8V or 2.4V. 


Note 11: 
t7 is defined 
as the time required 
for the data lines to change 0.5V when loaded with the circuits 
of Figure 2. 


DBN~ 


3kn1__ 
.._I CL 


-: 
DGND 
-: 


5V 


~ 
3kn 


DBN~ 


CL1 
GND 


DBN~ 


3kn1 __ 
.._IIDpF 


-: 
DGND 
-: 


5V 
t 3kn 


DBN~ 
r 


lDPF 


-: 
DGND 


Complete High-Speed CMOS 12-8it 
ADC 


PIN 
NAME 
FUNCTION 


1 
AIN 
Analog Input, a to +5V unipolar 
input 


2 
VAEF 
-5,25V Reference Output 


3 
AGNo 
Analog Ground 


4-11 
011-04 
Three-State 
Data Outputs 


12 
oGNo 
Digital Ground 


13-16 
03/11-00/8 
Three-State 
Data Outputs 


17 
CLKIN 
Clock Input. An external TTUCMOS 
compatible 
clock may be applied to 
this pin or a crystal can be connected 
between CLKIN and CLKOUT 


18 
CLKOUT 
Clock Output. An inverted CLKIN 
signal appears at this pin. 


PIN 
NAME 
FUNCTION 


19 
HBEN 
High Byte Enable Input. This pin is 
used to multiplex 
the internal 
12-bit 
conversion 
result into the lower bit 
outputs 
(07-00/8). 
HBEN also disables 
conversion 
starts when HIGH. 


20 
Ro 
READ Input. This active low signal 
starts a conversion 
when CS and 
HBEN are low. Ro also enables the 
output drivers when CS is low. 


21 
CS 
The CHIP SELECT Input must be low 
for the AoC 
to recognize 
Ro and 


HBEN inputs. 


22 
BUSY 
Ti,e BUSY Output is low when a 
conversion 
is in progress. 


23 
Vss 
Negative Supply, -15V for MX7572 and 
-15V or -12V for MAX162. 


24 
Voo 
Positive Supply, +5V. 


Pin 4 
Pin 5 
Pin 6 
Pin 7 
Pin 8 
Pin 9 
Pin 10 
Pin 11 
Pin 13 
Pin 14 
Pin 15 
Pin 16 


MNEMONIC· 
011 
010 
09 
08 
07 
06 
05 
04 
03/11 
02/10 
0119 
00/8 


HBEN 
= LOW 
OB11 
OB10 
OB9 
OB8 
OB7 
OB6 
OB5 
OB4 
OB3 
OB2 
OBl 
DBa 


HBEN 
= HIGH 
OBll 
OB10 
OB9 
OB8 
LOW 
LOW 
LOW 
LOW 
OBll 
OB10 
OB9 
OB8 


Note: 
011 
. 00/8 
are the AOC data output 
pins. 


OBll 
... 
DBa are the 12-bit conversion 
results, 
OB11 is the MSB. 


010 
+5V 
AUlDG 
INPUT 
-~25yl 


Vln 
OUTPUT 
0.1,&6 


.-AXI'- 


MAX162 
MX7572 


NOTES: 
1lAX1I2 - U1HZ CRYSTAlJCERAM1C RESONATOR. 


MX1572XX05· 
2.5MHz 
CRYSTAUCERAMIC 
RESONATOR. 


MX1snXX12 
·l.DMH, 
CRYSTAUCERAMIC RESONATOR. 


Cl AND C2 CAPACITANCE VAlUES DEPEND ON CRYSTAUCERAMIC 
RESONATOR MANUFACTURER. TYPiCAl VAlUES ARE FROM 0 TO l00pF. 


The MAX162 and MX7572 use a successive 
approxi- 


mation technique to convert an unknown analog input 
to a 12 bit digital 
output 
code. 
The control 
logic 


provides 
easy 
interface 
to 
most 
microprocessors. 
~ 
Most applications 
require only a few external passive 
~ 
components 
to perform the analog-to-digital 
function. 


Figure 
3 shows the MAX162/MX7572 in its simplest 


operational 
configuration. 


Figure 4 shows the MAX162/MX7572analog 
equivalent 


circuit. 
The internal voltage output 
DAC is controlled 


by a successive 
approximation 
register 
(SAR) and 


has an output 
impedance of 2.5kO. The analog input 


is connected 
to the DAC output with a 2.5kO resistor. 


The comparator 
is essentially a zero crossing detector 


and its output 
is fed back to the SAR input. 


Conversion start is controlled 
by the CS, RD and HBEN 


Qigital iD.illJts.A conversion starts at the falling edge of 
CS and RD while HBEN is low. Once started, conversion 
can not be stopped. The 6USY...outputgoes low as soon 
as the conversion starts. BUSY may be used to control 
an external 
sample-and-hold 
when wide 
bandwidth 


input signals are being measured. 


Complete High-Speed CMOS 12-8it ADC 


~ 


~ 


AIN 
2.5kCl 


~ 
roi"" -2.5kCl I 
I 
I 


~ 
I 
CO 
L 
•• 
)< 
N1AXINI 


~ 


MAX162 
MX7572 


Figure 
4. 
MAX162/MX7572 
Analog 
Equivalent 
Circuit 


The SAR is set to half scale as soon as the CS and 
RD inputs go low. This reset is asynchronous with the 
clock 
input. The analog input is then compared to 


one half of the full scale voltage. About 30ns after the 
second 
falling 
edge of CLKIN 
(or rising 
edge of 


CLKOUT), 
the output 
of the comparator 
is latched 


into the SAR MSB bit (see Figure 5). The bit is kept jf 
the analog input is greater than half scale, or dropped 
jf it is smaller. The next bit (bit 11) is then set with the 
DAC output 
either 
at 1/4 scale 
(if the 
MSB was 


dropped) 
or 3/4 scale (if the MSB was kept). The 


conversion continues in this manner until the lS..6.J.s 
tried. 
Following 
a falling 
CLKIN 
signal, the BUSY 


output goes high and the SAR result is latched into 
the three-state output buffers. 


________ 
Clock Operation 


Clock Oscillator 


Figure 6 shows the MAX162/MX7572 clock circuitry. 
The capacitive 
load on the CLKOUT 
pin must be 


minimized 
for low power dissipation 
and to avoid 


digital coupling of the CLKOUT buffer currents to the 
comparator. If an external clock source is being used 
to drive CLKIN, CLKOUT should be left open. The 
external clock source must have a 50% duty cycle. If 
the internal oscillator is being used, a crystal/ceramic 
resonator 
should 
be connected 
between CLKOUT 


and CLKIN as shown in Figure 6. 


~ 
~ 


MAX162 
MX7572 


CLOCK 


NOTES: 
MAX162· 
4MHZ CRYSTAl/CERAMIC 
RESONATOR. 
MX7572XX05· 
2.5MHz CRYSTAl/CERAMIC 
RESONATOR. 


MX7572XX12· 
1.0MHz CRYSTAl/CERAMIC 
RESONATOR. 


C1 ANO C2 CAPACITANCE VALUES DEPEND ON CRYSTAL/CERAMIC 
RESONATOR MANUFACTURER. TYPICAL VALUES ARE FROM 0 TO 100pF. 


BUSY \ 
•• -----/ 


t 
OBll 
IMSBI 


~ 
t 
t 


Complete High-Speed CMOS 12-8it ADC 


Control 
Input 
Synchronization 


In applications 
where the RD control 
input 
is not 


synchronized 
with 
the ADC 
clock, 
the conversion 


time can vary from 12 to 13 clock cycles. The SAR 
changes state on the falling edge of the CLKIN input 
(or rising edge on the CLKOUT 
pin). To ensure a 


fixed conversion time use the following 
guidelines for 


synchronization: 


MAX162 


For the MAX162 the RD input should go low at the 
falling 
edge of CLKIN. 
In this case the conversion 


lasts 13 clock cycles and the conversion time is 3.25ps 
when fClK = 4MHz. If the CLKIN and RD falling edges 
are skewed, the skew must not be more than 50ns to 
ensure the 13 period conversion time (See Figure 7). 
The MSB is tried at the second clock falling 
edge, 
leaving two clock cycles for the external sample-and- 
hold to settle from hold transients. 


MX7572 


The MX7572 RD input can go low at the rising edge 
of CLKIN. In this case the conversion lasts 12.5 clock 
cycles and the conversion 
time is 5ps when fC>.K= 


2.5MHz and 12.5pswhen fClK = 1MHz. The delay from 
the falling edge of RD to the falling edge of CLKIN 
must not be less than 180ns to ensure the 12.5 clock 
cycle conversion time (See Figure 8). This leaves the 
external 
sample-and-hold 
1.5 clock 
cycles to settle 


from hold transients. An additional half clock cycle of 
settling 
can be alliLwed for driving 
the sample-and- 


hold 
by having 
RD go low at the falling 
edge of 


CLKIN, 
similar 
to the 
MAX162. This 
results 
in a 


13 cycle conversion time (5.2ps when fClK = 2.5MHz, 
13ps when fClK = 1MHz). 
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Digital 
Interface 


Output Data Format 


The 12 output 
data bits can either be presented full 


parallel or in two 8 bit words. To obtain parallel output 
for 16 bit processors, HBEN should be kept low and 
the output data 011-00 will be right justified. 


For a two byte data read, outputs 07-00/8 
are used. 


Byte selection is controlled by HBEN which multiplexes 
the data outputs. When HBEN is low, the lower 8 bits 
are presented at the data outputs. When HBEN is high, 
the upper 4 bits are presented with the leading 4 bits 
being low for 07-00/8. 


Note that the 4 MSB's always appear at digital outputs 
011-08 whenever the digital drivers are enabled, re- 
gardless of the state of HBEN. 


Timing 
and Control 


Conversion 
start and data read operations 
are CJm- 


trolled 
by three digital 
inputs; 
HBEN, CS and RO. 


Figure 9 shows the logic equivalent for the conversion 
and data output 
control 
circuitry. 
A logic low is re- 


quired on all three inputs to start a conversion. Once 
a conversion 
is in progress, it cannot 
be re-started. 


The BUSY output is low during the entire conversion 
cycle. 


There are two modes of operation 
as outlined 
in the 


timing diagrams of Figures 10-13.Slow memory mode 
is intended for processors that can be forced 
into a 


WAIT state for periods as long as the MAX162/MX7572 
conversion 
time. ROM mode is for processors 
that 


cannot be forced into a wait state. In both operational 
modes, 
a processor 
REAO operation 
to the 
AOC 


address starts the conversion. 
In the ROM mode, a 


second 
REAO operation 
is required 
to access the 
conversion 
result. 
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MAX162/MX7572 
Data Outputs 
07 
06 
05 
04 
03/11 
02/10 
01/9 
00/8 


First Read (Old 
Data) 
DB7 
DB6 
DB5 
DB4 
DB3 
DB2 
DB1 
DBO 


Second 
Read 
LOW 
LOW 
LOW 
LOW 
DB11 
DB10 
DB9 
DB8 


Third 
Read 
DB7 
DB6 
DB5 
DB4 
DB3 
DB2 
DB1 
DBO 


Slow Memory Mode, Parallel Read (HBEN 
= LOW) 


Figure 10 and Table 1 show the timing diagram and 
data bu~atus 
for Slow Memory Mode, Parallel Read. 


CS and RO going low starts the conversion and BUSY 
goes low indicating that the conversion is in progress. 
Data from 
the previous conversion 
appears ~ 
digital outputs. At the end of the conversion, 
BUSY 
returns high and the output 
latches are updated to 
place the digital 
conversion 
result on data outputs 
011-00/8. 


Slow Memory 
Mode, Two Byte Read 


For a two byte read, only outputs 07-0018 are used. 
Starting 
the conversion 
and reading the 8 LSB's is 


identical 
to the Slow Memory Mode, Parallel Read. 
See Figure 11and Table 2. A second READ operation 
with HBEN high places the 4 MSB's with 4 leading 
zeros on the data outputs 
07-00/8. 
The high byte 
read does not start another conversion since HBEN is 
high. 


ROM Mode, Parallel Read (HBEN 
= LOW) 


The ROM mode avoids placing the processor into a 
wait state. A conversion is started with a READ oper- 
ation and the 12-bits of data from the previous con- 
version appears at the data outputs 
011-00/8 
(see 
Figure 12 and Table 3). This data may be disregarded 
if not needed. A second READ operation will access 
the results of the first operation and also start a new 
conversion. 
The 
delay 
between 
successive 
READ 
operations 
must be longer than the conversion time 
for the MAX162/MX7572. 


ROM Mode, Two Byte Read 


As in the Slow Memory Mode, only data outputs 07- 
00/8 should be used for two byte reads. Figure 13 
and Table 4 show the operation 
in this 
mode. A 
conversion 
is started with 
a READ operation 
with 
HBEN low. The data outputs present the 8 LSB's from 
the previous conversion 
and this data can be dis- 
regarded if not required. Two more READ operations 
are needed to access the conversion result. The first 
READ must be with HBEN high, where the 4 MSB's 
with 4 leading zero's are accessed. The second READ 
is with HBEN low, which 
reads in the 8 LSB's and 
starts a new conversion. 
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Interlace Application Hints 


Digital Bus Noise 


If the data bus connected to the ADC is active during 
a conversion, 
LSBs of error can be caused due to 
coupling 
from the data pins to the ADC comparator. 
Using the Slow Memory Mode avoids this problem by 
placing the processor In a walt state dunn~ the: con- 
version. In the ROM mode, If the data bus ISgOing to 
be active during 
the conversion, 
the bus should 
be 
isolated from the ADC using three-state drivers. 


ROM Mode 


Consid..eLable--.illgital noise is generated 
in the ADC 
when RD or CS go high and the output data dnvers 
are disabled after a conversion 
is started. This noise 
will feed into the ADC comparator 
and cause large 
errors if it coincides with the time the SAR is latching 
a decision to keep or drop a bit. To avoid this problem, 
RD and CS should be activelQr 
less than one clock 
cycle. 
In other 
words, 
the 
RD and CS low 
pulse 
should be shorter than 250ns for the MAX162, 400ns 
for the MX7572XX05 and lus- for the MX7572XX12. If 
this cannot 
be done, the RD or CS signal must go 
high at a rising edge of CLKIN, since the comparator 
output 
is always latched at falling edges of CLKIN. 


______ 
Analog Considerations 


Application Hint. 


Physical Layout 


For best system performance 
printed circuit 
boards 
should 
be used for the MAX162/MX7572. Wire wrap 
boards are not recommended. The layout of the board 
should ensure that digital and analog signal lines are 
kept separated from each other as much as possible. 
Care should 
be taken not to run analog and digital 
lines parallel to each other or digital lines underneath 
the MAX162/MX7572 package. 


Grounding 


Figure 14 shows the recommended 
system ground 
connections. 
A 
single 
point 
analog 
STAR ground 
should 
be 
established 
at 
pin 
3 
(AGND) 
of 
the 
MAX162/MX7572 separate from the logic ground. 
All 
other 
analog 
grounds 
and pin 
12 (DGND) 
of the 
MAX162/MX7572 should be connected 
to this STAR 
ground and no other digital grounds should be con- 
nected to this STAR point. The ground 
return to the 
power supply from this STAR ground should be low 
impedance for noise free operation of the ADC. 


Power Supply Bypassing 


The high speed comparator 
in the ADC is sensitive to 
high 
frequency 
noise 
in the 
Vgo and 
Vss power 


supplies. These supplies should 
e by-passed to the 
analog 
STAR ground 
with 0.1pF and 10pF by-pass 


capacitors with minimum lead length for supply .nolse 
rejection. 
If the +5V power supply 
IS very nOIsy, a 


small 
(10-20 ohms) 
resistor 
can 
be connected 
as 
shown in Figure 14 to filter external noise. 


Internal Reference 


The MAX162/MX7572 has an internal 
buried 
zener 


reference which provides the DAC reference voltage. 
The reference voltage is -5.25V ±1% and has a low 
temperature 
coefficient. 
The 
reference 
output 
is 


available at pin 2, and should be bypassed to analog 
ground 
(pin 3) with 
a 47pF tantalum 
capa~ltor 
In 
parallel with 0.1pF capacitor 
t? minimize 
nOise and 
provide 
low 
impedance 
at 
high 
frequencies. 
This 


by-pass capacitor 
must not be less than 4.7pF. The 
internal reference output buffer can sink upto 500pA. 


Driving 
The Analog 
Input 


The input signal leads to AGND and AIN should be as 
short 
as possible 
to minimize 
noise pick-up .. 1.1 the 
leads must be long use shielded cables to minimize 
noise pick-up. 


The input impedance at the AIN pin is typically 2.5kO. 
The amplifier driving AIN must have low enough DC 
output 
impedance 
for low gain error. 
Furthermore, 


low AC output 
impedance 
is also required since the 
analog input current 
is modulated 
at the clock 
rate 
during 
a conversion 
(4MHz for MAX162 and 2.5 or 
1MHz for the MX7572). The output impedance of the 
driving 
amplifier 
is equal 
to 
its open 
loop 
output 


impedance divided by the loop gain at the frequency 
of interest. 


MX7572 
The MX7572 maximum clock rate of 2.5MHz 
makes it possible to drive it with amplifiers 
like the 
OP-42, AD711 or OP-27. At 1MHz clock rate a MAX400 
or OP-07 can also be used. 


MAX162 
The MAX162 with a maximum 4MHz clock 


rate might 
cause settling 
problems 
with the above 
amplifiers. An LF356, LF400 or LT1056 can be used to 
drive the input. Alternatively, an emitter follower buffer 
inside the feedback loop of a OP-42, AD711 or OP-27 
can 
be 
used 
to 
improve 
high 
frequency 
output 


impedance. 
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MAX1621MX7572 
to Sample-and-Hold 
Interface 


The analog input to the ADC must be stable to within 
1/2 LSB during the entire conversion for specified 12 
bit accuracy. This limits the input signal bandwidth to 
less than 6Hz for sinusoidal 
inputs, even when using 


the faster MAX162. For higher 
bandwidth 
signals a 


sample-and-hold 
should be used. 


The BUSY output from the MAX162/MX7572 may be 
used 
to 
provide 
the 
TRACK/HOLD 
signal 
to 
the 


sample-and-hold 
amplifier. However, since the ADC's 
DA~witched 
at approximately 
the same time as 


the BUSY signal goes low, the switching transients at 
the 
output 
of the sample-and-hold 
caused 
by the 
DAC switching 
may result in code dependent errors 


due to the aperture delay of the sample-and-hold. 
A 
NAND gate may be used to ensure that the sample- 
and-hold 
switches 
to the hold mode BEFORE any 


disturbances 
as shown in Figures 15 & 16. The NAND 


gate solution 
wor~nly 
if the width of the RD pulse 


is wider than the RD to BUSY delay in the MAX162/ 
MX7572. If this is not the c~, 
use a flip flop which is 


set by the falling edge of RD and reset by the rising 
edge of BUSY. 


-15V 
4 
-Vs 


O.1IJFy 


llV 


ANALOG 
INPUT 
-2.5V 
TO +2.5V 


For synchronous 
RD and CLKIN as described above, 


the hold settling 
time allowed 
for the sample-and- 
hold 
is 500ns, 
600ns and 
1.5t.ts 
for 
the 
MAX162, 


MX7572XX05 and MX7572XX12 respectively. 


To achieve the maximum sampling rate, the MAX162/ 
MX7572 data must be read within the time allowed for 
the sample-and-hold 
to acquire a new input voltage. 


MX7572 
Figure 15 shows an AD5~sample-and::hQ!.Q 


to MX7572 interface. The MX7572 RD input and BUSY 
output are used to put the AD585 in hold mode when 
a conversion is in progress. In this example the analog 
input range is ±2.5V but other voltage ranges can be 
configured 
differently 
as explained later. 


The maximum sampling rate is 125kHz with a 2.5MHz 
clock and 64.5kHz with a 1MHz clock allowing 
for a 


3t.ts sample-and-hold 
acquisition 
time. 


Although 
this circuit 
works quite well for the 1MHz 
clock rate, at the 2.5MHz clock rate a faster sample- 
and-hold 
amplifier 
such as the HA-5320 is recom- 


mended. 


IOpFy 


0.1pF 


Figure 
IS. MX7S72-AD585 
Sample-and-Hold 
Interface 
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MAX162 
Figure 16 shows tht: MAX162 to HA5320 


interface. The maximum sampling rate is 210kHz with 
a 4MHz clock which allows for a 1.5tJsacquisition 
time. The HA5320 can also be replaced by a HA5330 
for higher throughput. 


Unipolar 
Input 
Operation 


Figure 17 shows the nominal 
input/output 
transfer 
function 
of the MAX162/MX7572 
Code transitions 


occur 
half 
way 
between 
successive 
integer 
LSB 


values. The output 
coding 
is binary 
with 
1LSB = 


1.22mV (5V14096). 


Offset and Full Scale Adjustment 


In applications 
where the offset and full scale range 


have to be adjusted 
for the ADC, use the circuit 


shown in Figure 18. Note that the amplifier 
shown 


10pfy 
O.1pf 


could also have been a sample-and-hold. 
The offset 


should be adjusted first. Apply 1/2 LSB (0.61mV) at 
the analog input and adjust the offset of the amplifier 
until the digital output code changes between 0000 
0000 0000 and 0000 0000 0001. 


To adjust 
the full 
scale 
range, 
apply 
FS-3/2LSB 


(4.99817V) at the analog input and adjust R1 until 
the output code changes between 111111111110and 
11111111 1111. 


Bipolar 
Input 
Operation 


Bipolar 
operation 
can be achieved 
in two modes: 


non-inverting 
and inverting. For both cases the am- 


plifier shown in the circuits can be replaced by the 
AD585 
or 
HA5320 
sample-and-hold 
amplifiers. 


Several different 
input 
ranges are possible 
by se- 


lecting the values for the scaling resistors as shown 
in Tables 5 and 6. 
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Figure 19 shows the bipolar operation 
in the non- 


inverting 
mode, where the output 
coding 
is offset 


binary. Figure 20 shows the ideal transfer function 
for this mode. 


Figure 21 shows the bipolar operation in the inverting 
mode, where the output 
coding 
is complementary 


offset binary. Figure 20 shows the ideal transfer func- 
tion for the circuit in Figure 21. 


The resistors used in bipolar applications should be 
of the same type and from the same manufacturer to 
obtain 
low 
temperature 
drifts. 
0.1% resistors 
are 


recommended for applications where offset and full 
scale adjustments must be made in bipolar circuits. If 
high tolerances are used, larger value potentiometers 
must be used and this results in poor sensitivity and 
higher temperature drifts. 
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Table 5. Resistor and Potentiometer 
Values Required 
for Offset and Gain Adjustment 
of Figure 19 


V'N Range 
R3' 
R4' 
Rz 
RG 
1/2LSB 
FS/2-3/2LSBs 


(Volts) 
(kO) 
(kO) 
(0) 
(0) 
(mV) 
(Volts) 


±2.5 
3.83 
8.25 
500 
500 
0.61 
2.49817 


±5.0 
33.2 
16.9 
500 
1000 
1.22 
4.99634 


±10.0 
47.5 
9.53 
500 
500 
2.44 
9.99268 


Notes: 
• R3 and R4 have a 0.1% tolerance . 


All resistors 
are standard 
EIA/MIL 
decade values. 
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Figure 20. Ideal Input/Output 
Transler Characteristic 
for 
the Bipolar 
circuits 
in Figures 
19 and 21. 
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Offset and Full Scale Adjustment 


Offset should 
always be adjusted 
before full scale. 
For both circuits 
apply +1/2LSB to the analog input 


(see tables 5 and 6) and adjust Rz until the output 
code flickers between the following 
codes: 


For Non-inverting 
(Figure 19) 
1000 0000 0000 
1000 0000 0001 


0111 1111 1111 
0111 1111 1110 


Apply FS-3/2LSB (see tables 5 and 6) to the input and 
adjust RG until the ADC output code flickers between 
the following 
codes: 


For Non-inverting 
(Figure 19) 
1111 1111 1110 
1111 1111 1111 


0000 0000 0001 
0000 0000 0000 


ANALOG 


INPUT VIN 


3 
_AXI_ 


AGNO 
MAX162 
MX7572' 


Table 6. Resistor and Potentiometer 
Values Required 
for Offset and Gain Adjustment 
of Figure 21 


V1N Range 
R1' 
R2' 
R3' 
Rz 
RG 
1/2LSB 
S/2-3/2LSBs 
(Volts) 
(kO) 
(kO) 
(kO) 
(0) 
(0) 
(mV) 
(Volts) 


±2.5 
20 
20.5 
42.2 
2000 1000 
0.61 
2.49817 


±5.0 
20 
10.2 
21 
1000 1000 
1.22 
4.99634 


±10.0 
20 
5.11 
10.5 
500 
1000 
2.44 
9.99268 


Notes: 
• R1, R2, and 
R3 have a 0.1% tolerance. 
All 
resistors 
are standard 
EIA/MIL 
decade 
values. 
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PART 
TEMP. RANGE 
PACKAGE" 
ERROR 


51's CONVERSION 
TIME 


MX7S72JNOS 
O·C to +70·C 
Plastic DIP 
±1 LSB 


MX7S72KNOS 
O·C to +70·C 
Plastic DIP 
±1 LSB 


MX7S72LNOS· 
O·C to +70·C 
Plastic DIP 
±'h LSB 


MX7S72JCWGOS 
O·C to +70·C 
Wide S.O. 
±1 LSB 


MX7S72KCWGOS 
O·C to +70·C 
Wide S.O. 
±1 LSB 


MX7S72LCWGOS 
O·C to +70·C 
Wide S.O. 
±'h LSB 


MX7S72AOOS 
-25· C to +85· C 
CERDIP 
±1 LSB 


MX7S72BOOS 
-25· C to +85· C 
CERDIP 
±1 LSB 


MX7S72COOS 
-25· C to +85· C 
CERDIP 
±'h LSB 


MX7S72S00S 
-SS·C to +12S·C 
CERDIP 
±1 LSB 


MX7S72TOOS 
-SS·C to +12S·C 
CERDIP 
±1 LSB 


MX7S72UOOS 
-SS·C to +12S·C 
CERDIP 
±'h LSB 


121's CONVERSION 
TIME 


MX7S72JN12 
O·C to +70·C 
Plastic DIP 
±1 LSB 


MX7S72KN12 
O·C to +70·C 
Plastic DIP 
±1 LSB 


MX7S72LN12 
O·C to +70·C 
Plastic DIP 
±'h LSB 


MX7S72JCWG12 
O·C to +70·C 
Wide S.O. 
±1 LSB 


MX7S72KCWG12 
O·C to +70·C 
Wide S.O. 
±1 LSB 


MX7S72LCWG12 
O·C to +70·C 
Wide S.O 
±'h LSB 


MX7S72A012 
-25· C to +85· C 
CERDIP 
±1 LSB 


MX7S72B012 
-25· C to +85· C 
CERDIP 
±1 LSB 


MX7S72C012 
-2S·C 
to +8S·C 
CERDIP 
±'h LSB 


MX7S72S012 
-SS·C to +12S·C 
CERDIP 
±1 LSB 


MX7S72T012 
-SS·C to +12S·C 
CERDIP 
±1 LSB 


MX7S72U012 
-SS·C to +12S·C 
CERDIP 
±'h LSB 


~~I~JXI~~I 
CMOS 12-8it A/D Converters 
With Track-and-Hold 
_______ 
General Description 


The 
MAX163, MAX164, and 
MAX167 are complete 
CMOS 
sampling 
12-bit analog-to-digital 
converters 


(ADCs) that combine 
an on-chip 
track-and-hold 
and 


voltage 
reference along with high conversion 
speed 


and low power consumption. 
A conversion 
time of 
8.33ps includes 
settling 
time for the track-and-hold. 
An internal buried zener reference provides low drift 
with low noise. 


The three AIDs differ only in their analog input range. 
The MAX163 accepts OV to +5V inputs, the MAX164 
accepts 
-5V to +5V inputs, and the MAX167's input 


range 
is -2.5V to +2.5V. External 
components 
are 


limited to only decoupling 
capacitors 
for the power 


supply and reference voltages. On-chip clock circuitry 
can either be driven from an external clock source or 
a crystal. 


The 
MAX163/164/167 
employ 
a standard 
micro- 


processor 
interlace. Three-state data outputs can be 


configured 
for 8- or 12-bit data buses. Data access 


and bus release timing 
specs are compatible 
with 


most popular 
microprocessors 
without 
resorting 
to 
wait states. 


__________ 
Applications 


Digital Signal Processing (DSP) 


Audio and Telecom Processing 


High Accuracy 
Process Control 


High Speed Data Acquisition 


n 
BUSY 


ZI 
cs 


20iiii 


19 
HBEN 


18 
ClKDUT 


11 
eLK IN 


• 
12-Bit Resolution 


• 
8.33JlS Conversion 
Time 


• 
Internal 
Analog 
Track-Hold 


• 
6MHz Full Power 
Bandwidth 


• 
On-Chip 
Voltage Reference 


• 
High 
Input 
Resistance 
(500MO) 


• 
100ns Data Access Time 


• 
180mW (Max) 
Power Consumption 


• 
AD7572/MAX1621MAX172 
Plug-In 
Replacement 


• 
24 lead 
Narrow 
DIP and SO Packages 
_______ 
Ordering Information 


PART 
TEMP. RANGE 
PACKAGE' 
ERROR 


MAX167ACNG 
O°C to +70°C 
Plastic 
DIP 
±'h 
LSB 


MAX167BCNG 
O°C to +70°C 
Plastic 
DIP 
±1 
LSB 


MAX167CCNG 
O°C to +70°C 
Plastic 
DIP 
±1 
LSB 


MAX167ACWG 
O°C to +70°C 
Wide 
SO 
±'h 
LSB 


MAX167BCWG 
O°C to +70°C 
Wide 
SO 
±1 
LSB 


MAX167CCWG 
O°C to +70°C 
Wide SO 
±1 
LSB 


MAX167AEWG 
--40° C to +85° C 
Wide 
SO 
±V, LSB 


MAX167BEWG 
--40° C to +85° C 
Wide 
SO 
±1 
LSB 


MAX167CEWG 
--40°C to +85°C 
Wide 
SO 
±1 
LSB 


MAX167CC/D 
O°C to +70°C 
Dice" 
±1 
LSB 


MAX167AENG 
-40°C 
to +85°C 
Plastic 
DIP 
±'h 
LSB 


• All devlces-24 
lead packages 
"Consult 
factory 
for dice specHlcations 
Ordering 
Informallon 
continued 
on lasl page. 


_______ 
Pin Configuration 


/ili/J X I/111 
.lIsxlm 
IntegrtJffHI 
Produce. 
7-53 


_ .••• 
Xl_ 
is a registered 
trademark 
of Maxim 
Integrated 
Products. 
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Voo to DGND 
-0.3 to +7V 
Vss to DGND 
+0.3V to -17V 
AGND 
to DGND 
-0.3V 
to Voo +0.3V 
AIN 
to AGND 
-15V to +15V 
Digital 
Input 
Voltage 
to DGND 
-0.3V 
to Voo +0.3V 
(Pins 
17. 19-21) 
Digital 
Output 
Voltage 
to DGND 
-0.3V 
to Voo +0.3V 
(Pins 
4-11,13-16, 
18,22) 


Operating 
Temperature 
Ranges 
MAX16XXC 
O°C to +70°C 
MAX16XXE 
-40°C 
to +85°C 
MAX16XXM 
-55°C 
to +125°C 
Storage 
Temperature 
Range 
-65°C 
to +160°C 
Power 
Dissipation 
(any Package) 
1000mW 
Derates 
Above 
+75°C 
by 
10mW/oC 
Lead Temperature 
(Soldering 
10 seconds) 
+300° C 


ELECTRICAL CHARACTERISTICS 
(Voo = +5V ±5%, Vss = -11.4V to -15.75V, Slow Memory 
Mode (see text), TA = TMINto TMAX,fClK = 1.6MHz unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


ACCURACY 


Resolution 
12 
Bits 


Integral 
Non-Linearity 
INL 
MAX16XB, 
MAX16XC 
±1 
LSB 
MAX167A 
±1/2 


Differential 
Non-Linearity 
DNL 
Guaranteed 
Monotonic 
Over Temperature 
±1 
LSB 


Offset 
Error 
(Note 
1) 
MAXl63 
±4 
LSB 
MAX164, 
MAX167 
±6 


Full Scale Error 
(Note 2) 
TA = 25°C, 
Includes 
Reference 
Error 
±10 
LSB 


Full Scale Tempco 
Excludes 
Internal 
Reference 
Drift 
±5 
ppm/oC 
(Notes 
3, 5) 


Conversion 
Time 
tCONV 
Synchronous 
(12.5 Clock 
Cycles) 
7.81 
(13 Clock 
Cycles) 
8.13 
IJS 


Clock 
Frequency 
felK 
0.1 
1.6 
MHz 


DYNAMIC 
ACCURACY 
(Sample 
Rate = 100kHz) 


Signal 
to Noise 
plus 
S/(N+D) 
10kHz Input 
Signal, 
TA = 25°C 
70 
dB 
Distortion 
Ratio 


Total Harmonic 
Distortion 
10kHz Input 
Signal, 
MAX167 
-80 
THD 
dB 
(up to the 5th harmonic) 
TA = 25°C 
MAXl63, 
MAX164 
-76 


Peak Harmonic 
or 
10kHz Input 
Signal, 
MAX167 
-80 
dB 
Spurious 
Noise 
TA = 25°C 
MAX163, 
MAX164 
-76 


Full Power 
In Track Mode, 
6 
MHz 
Sampling 
Bandwidth 
Under 
Sampled 
Waveform 


ANALOG 
INPUT 


Input 
Voltage 
Range 
MAXl63 
0 
+5 
MAX164 
-5 
+5 
V 
(Note 4) 
MAX167 
-2.5 
+2.5 


Input 
Leakage 
Current 
±1 
J.lA 


Input 
Capacitance 
(Note 5) 
20 
pF 


Track-Hold 
1 
Acquisition 
Time 
IJS 
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ELECTRICAL CHARACTERISTICS 
(continued) 
=- 


Woo; 
+5V±5%, 
Vss; 
-11.4V to -15.75V, Slow Memory 
Mode (see text), TA; 
TMIN to TMAX,fClK; 
1.6MHz unless otherwise 
noted.) 
~ 


~0) 


~a 


~a'I 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


REFERENCE 


VREFOutput 
Voltage 
TA ; 25°C 
-4.98 
-5.00 
-5.02 
V 


VREFOutput 
Tempco 
MAX16XB, 
MAX16XA 
25 
ppm/oC 
(Note 6) 
MAX16XC 
45 


Reference 
Load Sensitivity 
l>.FS/l>.IREF, 
0.2 
1 
LSB/mA 
IREFload 
Change: 
0 to 5mA 


Output 
Sink 
Current 
5 
mA 


LOGIC 
INPUTS 


Input 
low 
Voltage 
Vil 
CS, RD, HBEN,ClK 
IN 
0.8 
V 


Input 
High Voltage 
VIH 
CS, RD, HBEN,ClK 
IN 
2.4 
V 


Input 
Capacitance 
CIN 
CS, RD, HBEN,ClK 
IN 
10 
pF 
(Note 5) 


Input 
Current 
IIN 
V 
; OV tV, 
I CS, RD, HBEN 
10 
IJA 
IN 
0 
00 
ClK 
IN 
20 


LOGIC 
OUTPUTS 


Output 
low 
Voltage 
VOL 
011-00/8, 
BUSY, ClK 
OUT 
ISINK; 
1.6mA 
0.4 
V 


Output 
High 
Voltage 
VOH 
011-00/8, 
BUSY, ClK 
OUT 
4 
V 
IsouRcE ; 200IJA 


Three-State 
Il 
011-00/8, 
VOUT; OV to Voo 
±10 
IJA 
leakage 
Current 


Th ree-State 
Co 
(Note 5) 
15 
pF 
Output 
Capacitance 


POWER 
REQUIREMENTS 


Positive 
Supply 
Voltage 
Voo 
±5% 
For Specified 
Performance 
5 
V 


Negative 
Supply 
Voltage 
Vss 
±5% 
For Specified 
Performance 
-12 
-15 
V 


Positive 
Supply 
Rejection 
FS Change, 
Vss ; -15V or -12V 
±1/2 
lSB 
Voo ; 4.75V to 5.25V 


FS Change, 
Voo ; 5V 
Negative 
Supply 
Rejection 
Vss; 
-14.25V 
to -15.75V 
±118 
lSB 
Vss ; -11.4V to -12.6V 
±118 


Positive 
Supply 
Current 
Joo 
CS ; RO ; Voo, AIN ; 5V 
4 
6 
mA 


Negative 
Supply 
Current 
Iss 
CS ; RO ; Voo, AIN 
; 5V 
7 
10 
mA 


Power 
Dissipation 
Voo ; +5V, Vss ; -12V 
104 
150 
mW 


Note 
1: 
Typical 
change 
over temp 
is ±1 
lSB. 


Note 2: 
Ideal last code 
transition; 
FS - 3/2 lSB, 
adjusted 
for offset. 


Note 3: 
Full Scale Tempco 
; l>.FS/l>.T, where 
l>.FS is full 
scale change 
from 
TA ; 25° C to TMIN or TMAX. 


Note 4: 
VIN must 
not exceed 
Voo for specified 
accuracy. 


Note 5: 
Guaranteed 
by design, 
not subject 
to test. 


Note 6: 
VREFTempco; 
l>.VREF/l>.T,where 
l>.VREFis reference 
voltage 
change 
from 
TA; 
25°C 
to TMIN or TMAX. 
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TIMING 
CHARACTERISTICS 
(See Figures 9-12) 
(VDD = +5V, Vss = -12V Dr -15V, TA = TM1Nto TMAx, Note 7, specifications 
in bold type are 100% tested, 
Dthers are guaranteed 
by 
design, 
unless otherwise 
noted). 


SYMBOL 
(Figures 
CONDITIONS 
TA = 25°C 
MAX16XXC/E 
MAX16XXM 
PARAMETER 
9-12) 
MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
UNITS 


CS to RD Setup Time 
t, 
0 
0 
0 
ns 


RD to BUSY Delay 
t2 
Cl 
= 50pF 
80 
170 
220 
260 
ns 
(NDte 8) 


Data Access 
Time 
t3 
Cl 
= 100pF 
50 
100 
130 
150 
(Notes 
8, 9) 
ns 


RD Pulse Width 
t. 
100 
130 
150 
ns 


CS to RD Hold Time 
ts 
0 
0 
0 
ns 


Data Setup 
Time After 
16 
40 
80 
105 
120 
ns 
BUSY 
(Notes 
8, 9) 


Bus Relinquish 
Time 
h 
30 
50 
65 
75 
ns 
(Notes 
8, 10) 


HBEN 
to RD Setup Time 
Is 
0 
0 
0 
ns 


HBEN 
tD RD HDld Time 
t9 
0 
0 
0 
ns 


Delay 
Between 
tlO 
200 
200 
200 
ns 
READ Operations 


Delay 
Between 
t" 
1 
1 
1 
JJS 
Conversions 


Aperture 
Delay 
t'2 
Jitter < 50ps 
25 
ns 


elK 
to BUSY 
Delay 
t'3 
80 
170 
220 
260 
ns 


Nole 
7: 
All input 
cDntrol 
signals 
are specified 
with 
t, = t, = 5ns (10% to 90% of +5V) and timed 
from 
a vDltage 
level of +1.6V. 


Nole 
8: 
This specification 
is 100% productiDn 
tested. 


Nole 
9: 
t3 and t6 are measured 
with the load circuits 
Df Figure 
1 and defined 
as the time required 
for an output 
to cross 0.8V or 
2.4V. 


Nole 
10: h is defined 
as the time required 
for the data Jines to change 
0.5V when 
loaded 
with the circuits 
of Figure 
2. 
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Pin Description 
A/D 
Converter Operation 


The 
MAX163/164/167 
use successive 
approximation 


and 
input 
track-and-hold 
circuitry 
to 
convert 
an 


analog 
signal 
to 
a series 
of 
12-bit 
digital 
output 


codes. The control 
logic 
provides 
easy interface 
to 


microprocessors 
so that 
most 
applications 
require 


only passive components 
to perform analog-to-digital 


conversions. 
No "hold" 
capacitor 
is required. 
Figure 


3 
shows 
the 
MAX163/164/167 
in 
their 
simplest 


operational 
configuration. 


Analog Input- 
D'ack-and-Hold 


In Figure 4, the equivalent input circuit 
illustrates the 


sampling 
architecture 
of the ADC's analog compara- 


tor. The comparator's 
input capacitance 
acts as the 


"hold" capacitor 
and must be completely 
charged by 


the input signal with every AID conversion 
(but NOT 


every 
clock 
cycle). 
The 
capacitance 
is charged 


through 
an internal 
1kO protection 
resistor in series 


with the input. 


To an input signal, AIN appears as a capacitor switch- 
ing 
between 
analog 
grQ.lJll.Q 
and the .inJ2ut signal. 


Between conversions 
(BUSY high and RD or CS or 


HBEN high) the capacitor 
is connected 
to AIN. When 


a conversion 
starts, the capacitor 
disconnects 
from 


AIN, thus sampling 
the input, and is internally 
dis- 


charged. At the end of the conversion 
it reconnects to 


the input and charges to the input signal. The loading 
effect of AIN on the analog signal is such that a high 
speed input 
buffer 
is usually 
NOT needed. This 
is 


because the AID 
disconnects 
from the input during 


the actual conversion. 


PIN 
NAME 
FUNCTION 


1 
AIN 
Sampling 
Analog 
Input, 


MAX163: OV to +5V Unipolar 
MAX164: 
±5V 
Bipolar 
MAX167: 
±2.5V 
Bipolar 
2 
VREF 
-5.00V 
Reference 
Output 


3 
AGND 
Analog 
Ground 


4-11 
D11-D4 
Three-State 
Data Outputs 
12 
DGND 
Digital 
Ground 


13-16 
D3/11-DO/8 
Three-State 
Data Outputs 
17 
ClK 
IN 
Clock 
Input. 
An external 
TTl 
compat- 
ible 
clock 
may 
be 
connected, 
or 
a 
crystal 
may 
be 
connected 
between 
ClK 
IN and ClK 
OUT. 


18 
ClK 
OUT 
Clock 
Output. 
An 
inverted 
ClK 
IN 
signal 
appears 
at this 
pin. 
19 
HBEN 
High Byte Enable 
Input. 
Used to multi- 
plex 
the 
internal 
12-bit 
conversion 
result 
into 
the 
lower 
order 
outputs 
(D7-DO/8). HBEN also disables 
conver- 
sion starts when 
HIGH. 
20 
RD 
READ 
Input. 
This 
active 
lo~input 
starts 
a 
conversion 
when 
CS 
and 
HBEN 
are 
low. 
RD 
also 
enables 
the 
output 
drivers 
when 
CS is low. 
21 
CS 
The CHIP 
SELECT 
Input 
must be low 
for 
the 
ADC 
to 
recognize 
RD 
and 


BUSY 
HBEN 
inputs. 
22 
The BUSY Output 
is low when 
a con- 
version 
is in progress. 


23 
Vss 
Negative 
Supply, 
-15V or -12V 
24 
Voo 
Positive 
Supply, 
+5V 


08H~ 


3kO1__ 
.._I CL 


-= 
06HO 
-= 


5V+ 


kO 


OBN 


• 
CJ O;NO 


OBH~ 


3kO1__ 
.._I10pF 
-= 
06NO 
-= 
a. VOH to High-Z 


5V 
t 
3ko 


OBN~ 
I,oPF 


-= 06NO 


b. 
VOL to High-Z 


-- 
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ANALOG 
INPUT 


VREF OUTPUT 


-5.00V 
O.1I1F 


/~I/JXI/~I 


MAX163 
MAX164 
MAX167 


NOTES: 
XTAL : 
1.5MHz CRYSTAL/CERAMIC 
RESONATOR 
CI ANO C2 CAPACITANCE VALUES OEPENO ON CRYSTAL/CERAMIC 
RESONATOR MANUFACTURER. TYPICAL VALUES ARE FROM 0 TO l00pF. 


Figure 
3. MAX163/164/167 
Operational 
Diagram 


The track-and-hold 
entEllS.-its"trackin~e 
when 


the AOC is deselected (CS high) and BUSY is high. 
"Hold" 
mode starts approximately 
25ns after a con- 
version 
is initiated. 
The variation 
in this delay from 
one conversion 
to the next (aperture 
jitter) 
is less 


than 50ps. Figures 9 through 
12 detail the track-and- 


hold 
and interface 
timing 
for the various 
interface 
modes. The internal 
track-and-hold 
control 
logic 
is 


shown in Figure 5. 


The time required for the track-and-hold 
to acquire 


an input signal is a function 
of how quickly the input 
capacitance 
is charged. 
If the input signal's source 


impedance is high, the acquisition time lengthens and 
more time 
must 
be allowed 
between 
conversions. 


Acquisition 
time is calculated 
by: 


tACO= 10(Rs + RIN)20pF (but never less than 1tJs) 


Where RIN = 1kO, and Rs = source impedance of the 
AOC's input signal. 


lkn 
CHOLO 
COMPARATOR 
AIN~ 
5pF 
l:~CKAGEl!J;; 
i'~ 
J5pF 
~ J10P~"1· 


kilr-V 


Input Bandwidth 


The A/O's input tracking circuitry 
has excellent large 


signal 
and wide 
bandwidth 
behavior. It is not slew 


limited like many other AOC track-and-holds. 
Remark- 


ably, the MAX163/164/167 track-and-hold's 
full power 


bandwith is typically 
6MHz. This makes it possible to 


digitize 
high speed transient 
events and to measure 


periodic signals whose bandwidth exceeds the AOC's 
sample 
rate 
(>100kHz) 
by 
using 
under 
sampling 
techniques. 
It is important 
to note here that if under 


sampling 
is used to measure high frequency 
signals, 


special care must be taken to avoid aliasing 
errors. 


Without adequate input filtering, high frequency noise 
may be aliased into the measurement band. 


Input Protection 


Internal 
protection 
diodes, which 
clamp the analog 
input to VDD and VREF, work with an internal series 
resistance to allow over drives of up to ±15V at AIN 
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with 
no risk of damage 
to the AID. 
However, for 
accurate 
conversions 
near full 
scale (MAX163 and 
MAX164 only), AIN should not exceed Vop because 
ND accuracy 
is affected while the protection 
diodes 
are even slightly turned on. 


Starting a Conversion 


The ADC 
is controlled 
by the CS, RD and HBEN 
inputs. The track-and-hold 
enters Hold MQ.dean~ 
conversion 
starts at the f~ 
edge of CS and RD 
while 
HBEN is low. The BUSY output 
goes low as 
soon as the conversion 
starts. On the falling edge of 


.1h.e...13thinput clock pulse after the conversion starts, 
BUSY goes high and the conversion 
result is latched 
into three-state output buffers. 


Internal/External 
Clock 


Figure 6 shows the MAX163/164/167 
clock circuitry. 
The capacitive 
load on the ClK 
OUT pin must be 
minimized 
to avoid digital coupling 
of the ClK 
OUT 
buffer currents to the ADC's analog comparator. 
If an 
external clock source drives ClK 
IN, then ClK 
OUT 
should 
be left open. Acceptable 
external clock duty 
cycles are between 20% and 80%, so a precise square 
wave is not required. If the internal oscillator 
is used, 
a crystal or ceramic resonator is connected 
between 
ClK 
OUT and ClK 
IN as shown in Figure 6. 


~¥J 


MAX163 
MAX164 
MAX167 
CLOCK 


NOTES: 
XTAL = 1.5MHz CRYSTAUCERAMIC 
RESONATOR 
CI AND C2 CAPN:ITANCE VALUES DEPEND ON CRYSTAL/CERAMIC 
RESONATOR MANUFACTURER. TYPICAL VALUES ARE FROM 0 TO l00pF. 


Internal Reference 


The MAX163/164/167 have a -5.00V buried zener refer- 
ence which 
biases the internal 
DAC. The reference 
output 
is available 
at VREF 
(Pin 2) and should 
be 
bypassed 
to AGND 
(Pin 3) with 
a 47IJ.F tantalum 
capacitor 
in parallel with a 0.1IJ.Fceramic capacitor. 
This minimizes noise and maintains a low impedance 
at high frequencies. 
A resistor should NOT be con- 
nected between the bypass capacitors and Pin 2. The 
internal reference output 
buffer can sink up to 5mA. 


_______ 
~ 
Digital 
Interlace 
Clock and Control Synchronization 


For best analog 
performance, 
the 
MAX1£3/164/16I 
clock 
should 
be synchronized 
to the 
RD and CS 
control 
inputs 
as shown 
in Figure 7, with 
at least 
/ili/J X I/~I 


100ns separating convert start from the nearest clock 
edge. This ensures that transitions 
at ClK 
IN and 
ClK 
OUT do not couple to the analog input and get 
sampled by the track-and-hold. 
The magnitude of this 
feedthrough 
is...only a f~millivolts, 
but if ClK 
and 
convert 
start 
(CS and RD) are asynchronous, 
fre- 
quency 
components 
caused by mixing 
of the clock 
and convert signals may increase the apparent input 
noise. 


When the clock and convert signals are synchronized, 
small endpoint 
errors (offset and full scale) are the 
most that can be generated 
by clock 
feedthrough . 


Even these errors (which can be trimmed out) can be 
EiliminateJ:L.byensuring that the start of a conversion 
(RD and CS falling edge) does not occur within 100ns 
of a clock 
transition, 
as in Figure 7. Nevertheless, 


even without 
observing 
this guideline, 
the MAX1631 
164/167 are still compatible with either the MAX162/172 
or the MX7572 synchronization 
modes, with 
no in- 
crease in linearity 
error. This means that either the 
falling 
or rising edge of ClK 
IN may be near RD's 
falling edge. 


Output Data Format 


The 12 data bits can be output either in full parallel or 
as two 8-bit 
bytes. The data bus output 
format 
is 
shown in Table 1. To obtain parallel output for 16-bit 
processors, HBEN is permanently tied low. The output 
data, DB11-DBO, is then right justified, 
i.e., DBO, the 
lSB, 
is the right most bit in the 16-bit word. 


For a two byte read, outputs 
D7 through 
DO/8 
are 
used. Byte selection 
is controlled 
by HBEN which 
multiplexes the data outputs. When HBEN is low, the 
lower 8 bits are presented at the data outputs. When 
HBEN 
is high, 
the 
upper 
4 bits are presented 
at 
DBO-DB3 with 
the leading 
4 bits low 
in locations 
D4-D7. Note that the 4 MSBs always appear at D11-D8 
whenever the outputs are enabled, regardless of the 
state of HBEN. 


Timing And Control 


Conversion 
start and data read operations 
are con- 
trolled 
by three digital 
inputs, 
HBEN, CS and RD. 


Figure 8 shows the logic equivalent for the conversion 
and 
data 
output 
control 
circuitry. 
A 
logic 
low 
is 
required on all three inputs to start a conversion 
and 
once 
the 
conversion 
is in progress, 
it cannot 
be 
re-started. BUSY remains low during the entire con- 
version cycle. 
Two modes of operation 
are outlined 
in the timing 
diagrams 
of 
Figures 
9-12. Slow 
Memory 
Mode 
is 
intended 
for processors 
that can be forced 
into a 
WAIT state during the ADC's conversion 
time. ROM 
Mode is for processors that cannot be forced 
into a 
wait state. In both modes, a processor READ opera- 
tion to the ADC address starts the conversion. 
In the 
ROM mode, a second READ operation 
accesses the 
conversion 
result. 


- 
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t-- 
CO, 
CS&Ro 


~ 
CO 


~ 


BUSY 
:2 


~ 


ClK 
IN 
; 


2:10011$* 


: 7 
7 
AnS- 


i 
i 


UNCERTAIN CONVERSIONTIME 
FOR 3011$< 1,4 < IBOns 


* 
THE MAXl63/1641167 
IS ALSO COMPATIBLE WITH THE MAX1621172 
ANO MX7572 
SYNCHRONIZATION MOOES. SEE "DIGITAL INTERFACE" TEXT. 


Figure 
Z RD and eLK IN for Synchronous 
Operation 


Table 1. Data Bus Output, CS & RD = LOW 


Pin 4 
Pin 5 
Pin 6 
Pin 7 
Pin 8 
Pin 9 
Pin 10 
Pin 11 
Pin 13 
Pin 14 
Pin 15 
Pin 16 


MNEMONIC* 
D11 
D10 
D9 
D8 
D7 
D6 
D5 
D4 
D3/11 
D2/10 
D1I9 
DO/8 


HBEN = LOW 
DB11 
DB10 
DB9 
DB8 
DB7 
DB6 
DB5 
DB4 
DB3 
DB2 
DB1 
DBO 


HBEN = HIGH 
DB11 
DB10 
DB9 
DB8 
LOW 
LOW 
LOW 
LOW 
DB11 
DB10 
DB9 
DB8 


Note: 
*D11 ... DO/8 are the ADC 
data output 
pins. 


DB11 ... DBO are the 12-bit conversion 
results, 
DB11 is the MSB . 


19 HBEN 


21 CS 


2ORo 


.MAXI.M 
MAX163 
MAX164 
MAX167 
o 


fFLIP 
~ 
FLOP 


ACTIVE HIGH 


ACTIVE HIGH 


ENABLE THREE-STATE OUTPUTS 
011 •.. 
00/8 
= OBll 
.. 
_ 080 


ENA8lE 
THREE-SlATE OUTPUTS 
011 .•• 
08 = 0811 .•. 
OB8 
07 •.. 
04=LOW 
03111 .•• 
00/8 
= 0811 •.• 
088 
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Slow Memory Mode, 


Parallel Read (HBEN 
= LOW) 


See Figure 
9 and Table 2. Taking 
CS and 
RO low 


starts 
the conversion. 
BUSY 
remains 
low while 
the 


conversion 
is in progress. 
The PREVIOUS 
(old) result 


appears 
at the 
digital 
outputs 
unti~ the 
end 
of the 
conversion 
when 
BUSY 
returns 
high. 
The 
output 
latches 
are then 
updated 
with 
the newest 
result 
on 
011-00/8. 


Slow Memory Mode, 7\vo Byte Read 


See Figure 
10 and Table 3. Outputs 
07-0018 are used 


for a two byte read. The start and read operations 
for 


the 8 LSBs are identical 
to the Slow 
Memory 
Mode, 


Parallel 
Read. A second 
read operation 
with 
HBEN 
high places the 4 MSBs, with 4 leading zeros, on data 
outputs 
07-00/8. 
This 
second 
read operation 
does 
not start another 
conversion 
since HBEN is high. 


ROM Mode, Parallel Read (HBEN 
= LOW) 


See Figure 
11 and Table 4. RO~ 
Mode avoids 
using 
processor 
wait states. A conversion 
starts with a read 
operation 
and the 12 data bits from 
the PREVIOUS 


conversion 
appear 
at 011-00/8. 
The 
data from 
the 


first 
read 
in a sequence 
is often 
disregarded 
when 
this interface 
mode is used. A second 
read accesses 


the 
results 
of the first 
conversion 
and also starts 
a 


new conversion. 
The time between successive 
READs 
must be longer 
than the MAX163/164/167 
conversion 


times. 


ROM Mode, 7\vo Byte Read 


See Figure 
12 and Table 5. As in the Slow 
Memory 


Mode, 
only 
07-0018 
are used for two 
byte reads. A 


conversion 
starts 
with 
a read operation 
with 
HBEN 


low. At this point the data outputs 
contain 
the 8 LSBs 


from 
the 
PREVIOUS 
conversion. 
Two 
more 
read 


operations 
are 
needed 
to 
access 
the 
conversion 


result. The first occurs 
with HBEN high, where the 4 


MSBs with 4 leading 
zeros are accessed. 
The second 


read, with 
HBEN 
low, outputs 
the 8 LSBs and also 


starts a new conversion. 
Application Hints 
Initialization After Power Up 


In some applications 
it may be desirable 
to remove 


power from the AOC during 
periods 
of inactivity. 
This 


is increasingly 
common 
in battery 
powered 
systems. 


To initialize 
the MAX163/164/167 
at power up, perform 


a read operation 
with HBEN low and ignore the data 


outputs. 


Digital Bus Noise 


If the data bus connected 
to the AOC is active during 


a conversion, 
errors can be caused by coupling 
from 


the data pins to the AOC comparator. 
Using the Slow 


Memory 
Mode 
avoids 
this 
problem 
by placing 
the 


processor 
in a wait state during. the c.onversion. 
In t.he 


ROM 
Mode, 
if the 
data 
bus 
IS gOing 
to 
b~ active 


during 
the 
conversion, 
the 
bus should 
be Isolated 


from the AOC using three-state 
drivers. 
----J- 
J-II 


CMOS 12-8it A/D 
Converters 


With Track-and-Hold 


t-.. 
CD 


HBEN ~,: 


la - 
cs 


~ 
:2 
iiO 


~; 
BUSY 


DATA 


....... 
-----------------t~9~_Ia 


Data Outputs 
07 
06 
05 
04 
03/11 
02110 
01/9 
00/8 


First Read 
OB7 
DB6 
OB5 
OB4 
OB3 
OB2 
OB1 
DBO 


Second 
Read 
LOW 
LOW 
LOW 
LOW 
OB11 
DB10 
OB9 
DB8 


CMOS 12-8it A/D 
Converters 
With Track-and-Hold 


Data Outputs 
011 
010 
09 
08 
07 
06 
05 
04 
03/11 
02/10 
01/9 
00/8 


First Read (Old 
Data) 
DB11 
DB10 
DB9 
DB8 
DB7 
DB6 
DB5 
DB4 
DB3 
DB2 
DB1 
DBO 


Second 
Read 
DB11 
DB10 
DB9 
DB8 
DB7 
DB6 
DB5 
DB4 
DB3 
DB2 
DB1 
DBO 


HOLD----- 


TRACK 


Data Outputs 
07 
06 
05 
04 
03/11 
02110 
01/9 
00/8 


First Read (Old 
Data) 
DB7 
DB6 
DB5 
DB4 
DB3 
DB2 
DB1 
DBO 


Second 
Read 
LOW 
LOW 
LOW 
LOW 
DB11 
DB10 
DB9 
DB8 


Third 
Read 
DB7 
DB6 
DB5 
DB4 
DB3 
DB2 
DB1 
DBO 


In ROM Mode, considera~digital 
noise is generated 


in the ADC when RD or CS go high and the output 
data drivers are disabled after a conversion 
is started. 


This noise can affect the ADC comparator 
and cause 
large errors 
if it coincides 
with the time the SAR is 
latching a comparator decision. To avoid this problem, 
RD and CS should be active for less than one clock 
cycle. If this is not possible, RD or CS must go high 
at a rising 
edge of CLK 
IN, since the comparator 
output 
is always latched at falling edges of CLK IN. 


Layout, Grounding, Bypassing 


For best system performance 
printed 
circuit 
boards 


should 
be used. Wire wrap boards 
are not recom- 


mended. The layout of the board should ensure that 
digital 
and 
analog 
signal 
lines 
are kept separated 


from each other as much as possible. Care should be 
taken not to run analog and digital 
(especially clock) 


lines parallel to one another 
or digital 
lines under- 


neath the ADC package. 


IDI 


Figure 
13. Power 
Supply 
Grounding 
Practice 


Gain and Offset Adjustment 


The plot in Figure 14 graphs the nominal 
unipolar 
inpuVoutput 
transfer function 
of the MAX163. Code 
transitions occur half way between successive integer 
LSB values. Output 
coding 
is natural 
binary 
with 
1 LSB = 1.22mV (5V14096).Figure 15shows the bipolar 
input 
transfer 
function 
for 
the 
MAX164/167, where 
output coding is offset binary. 


In applications 
where gain (full scale range) adjust- 
ment is required, the connection 
shown in Figure 16 
provides ±0.5%, or ±20 LSBs, of adjustment range. If 
both offset and full scale range need adjustment, the 
circuit in Figure 17 is recommended. Offset should be 
Figure 
15.MAX164/167 
Bipolar 
Transfer 
Function 
adjusted before gain. For the MAX163 (OVto +5V input 
range), apply +112 LSB (0.61mV) to the analog input 
To adjust bipolar offset (MAX164 ±5V, MAX167 ±2.5V). 


and adjust R12 so the digital 
output 
code changes 
apply 
+112 
LSB (1.22mV for 
MAX164, 0.61mV for 
between 
0000 0000 0000 and 0000 0000 0001. To 
MAX167) to the analog input and adjust R12 for out- 
adjust full scale, apply FS - 1-112 LSB (4.99817V) and 
put code flicker 
between 1000סס ooסס oo and 1000 
adjust R8 until the output code changes between 1111 
0000 0001. For full 
scale, 
apply 
FS - 
1-112 
LSB 
1111 1110 and 1111 1111 1111. There may be slight 
(+4.99634V for the MAX164, 2.49817Vfor the MAX167) 
interaction 
between adjustments. 
If an input gain of 
to the input and adjust R8 so the output code flickers 


two is acceptable, the connection 
in Figure 17 can be 
between 111111111110and 111111111111.There may 
simplified 
by removing R5 and R6. 
be some interaction between these adjustments. 


7-64 
"""'~I"""'JXI/~1 


CMOS 12-8it A/D 
Converters 
With Track-and-Hold 


Figure 13 shows the r~commended 
system ground 
connections. 
A single 
point 
analog 
STAR ground 
should be established at Pin 3 (AGND) separate from 
the logic ground. All other analog grounds and Pin 12 
(DGND) should 
be connected to this STAR ground 
and no other digital system grounds should be con- 
nected here. The ground return to the power supply 
from this STAR ground should be low impedance and 
as short as possible for noise-free operation. 


The high speed comparator in the ADC is sensitive to 
high frequency 
noise in the VDD and Vss power sup- 
plies. These supplies should be bypassed to the ana- 
log STAR ground with 0.1pF and 10pF bypass capaci- 
tors. Capacitor leads should have minimum length for 
best supply noise rejection. If the +5V power supply is 
very noisy, a small (4.70-200) 
resistor can be con- 
nected as shown in Figure 13 to filter this noise. 


OUTPUT 
fULL SCALE 
COOE 
TRANSITION 


11. m! 
>- 


11 
. 110 


11. 
. 101 


I 
I 
/ 
/ 
I 
/ 
fS = 5V 
I 
/ 
I 
/ 
lLSB = 
fS 
/ 
4096 
00 .."'Ii 


00 .. 
010 


00 .. 
001 


00 .. ~ 
-------~ 
o 
1 
2 
3 
fS 
LSB LSB'S LSB'S 
fS - lLSB 


100 
010 


100 
001 


100 
000 


011. 
. 111 


011 ... 
110 


011 
.101 
7S 
:::::bS 


111. 
.. 
1111 


111 ... 
110 
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R2 
49.90 TO 
AIN 
R4 
10kO 


______ 
Dynamic Performance 


High speed sampling 
capability 
and 100kHz through- 
put 
make 
the 
MAX163/164/167 
ideal 
for 
wideband 
signal processing. 
To support 
these and other related 
applications, 
FFT (Fast Fourier 
Transform) 
test tech- 
niques 
are 
used 
to 
guarantee 
the 
AID's 
dynamic 
frequency 
response, distortion, 
and noise at the rated 
throughput. 
Specifically, 
this involves 
applying 
a low 
distortion 
sinewave 
to the ADC 
input 
and recording 
the digital 
conversion 
results for a specified 
time. The 
data is then analyzed 
using an FFT algorithm 
which 
determines 
its spectral 
content. 
Conversion 
errors are 
then seen as spectral 
elements 
outside 
of the funda- 
mental 
input 
frequency. 


A-to-D 
converters 
have traditionally 
been evaluated 
by specifications 
such as Zero and Full Scale Error, 
Integral 
Non-linearity 
(INL), 
and 
Differential 
Non- 
linearity 
(DNL). Such parameters 
are widely accepted 
for specifying 
performance 
with DC and slowly 
vary- 


ing signals 
but are less useful 
in signal 
processing 
applications 
where 
the AID's 
impact 
on the system 
transfer function 
is the main concern. The significance 
of various 
DC errors 
does 
not translate 
well to the 
dynamic 
case, so different 
tests are required. 


R5 lOW 
VIN 
+ 
TO 


R6 
AIN 


10kO 


R7 
-= 
10kO 


GAIN 
R8 
1000 


~v~ 


R9 


OFFSET 
l00kO 


R12 
10kO 
Rll 
Rl0 
VREF 
49.9k!l 
1000 -= 
(-5V) 


Signal-to-Noise Ratio 
and Effecti"e Number of Bits 


The ratio between 
the RMS amplitude 
of the funda- 


mental 
input 
frequency 
to the RMS amplitude 
of all 


other AID output 
signals 
is the Signal-to-Noise 
Ratio 
(SNR). 
The 
output 
band 
is limited 
to 
frequencies 
above 
DC and below one half the AID 
sample 
(con- 


version) 
rate. This usually 
(but not always) 
includes 
distortion 
as well 
as 
noise 
components. 
For 
this 
reason the ratio is sometimes 
referred 
to as "Signal- 


to-Noise 
+ Distortion". 


The 
theoretical 
minimum 
AID 
noise 
is caused 
by 


quantization 
error 
and is a direct 
result of the AID's 
resolution: 
SNR = (6.02N + 1.76)dB, where 
N is the 


number of bits of resolution. 
A perfect 
12-bit AID can, 


therefore, 
do no better 
than 
74dB. Figure 
18 shows 
the 
result 
of sampling 
a pure 
10kHz sinusoid 
at a 
100kHz rate with the MAX167. An FFT plot of the output 
shows the output 
level in various 
spectral 
bands. 


m~ 
-40 
wC 
::::l 
-60 
I- 
:::::;ll. 
:IE 
-80 
C( 


-100 


rI"'I"l'1"'lrl"ll'!'l'''''' """~"''''"'''' 
1.11••il 
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11 •• 11 :~I,IIJlIllllld 
-120 
0.0 
fs = 100kHz 


fiN = 10kHz 


12.50 
25.00 
37.50 
50.00 


FREQUENCY 
(kHz) 


By transposing 
the equation 
which 
converts 
resolu- 


tion to SNR, we can, from the measured 
SNR, deter- 


mine the effective 
resolution 
or the "Effective 
Number 


of Bits" that the AID provides: 
N = (SNR - 1.76)/6.02. 


Figure 
19 shows 
the 
effective 
number 
of bits as a 
function 
of the input frequency 
for the MAX167. 


Totsl Harmonic Distortion 


The ratio of the RMS sum of all harmonics 
of the input 


signal 
(in the frequency 
band above 
DC and below 
one half the sample 
rate) to the fundamental 
itself is 
Total Harmonic 
Distortion 
(THD). 
This 
is expressed 
as: 


THD = 20L09[J(Vl 
+ V32 + V42 + Vi 
+ ... + VN2)N1] 


where 
V1 is the fundamental 
RMS amplitude 
and V2 


to 
VN 
are 
the 
amplitudes 
of 
the 
2nd 
through 
Nth harmonics. 


-- 
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11 


~ 
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f= 
CO 
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III 


~ 
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:li 
9 
; 


- .... , 


1\, 


10 
100 
1M 
10M 


INPUT FREQUENCY 
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Peak Harmonic or Spurious Noise 


The ratio of the fundamental 
RMS amplitude to the 
amplitude of the next largest spectral component 
(in 


the frequency band above DC and below one half the 
sample rate) is referred to as the Peak Harmonic (or 
Spurious) 
Noise. Usually this peak occurs at some 
harmonic 
of the input frequency, but if the ADC is 
exceptionally 
linear, it may occur only at a random 
peak in the ADC's noise floor. 


r: 


I 
:: 
0.123" 


(3.124mm) 09 


I 
~;:L 


CS 
RO 
HBEN 
elK OUT 


PART 
TEMP. RANGE 
PACKAGE· 
ERROR 


MAX167BENG 
-40°C 
to +85°C 
Plastic 
DIP 
±1 
lSB 


MAX167CENG 
-40°C 
to +85°C 
Plastic 
DIP 
±1 
LSB 


MAX167AMRG 
-55°C 
to +125°C 
CERDIP 
±'h lSB 


MAX167BMRG 
-55°C 
to +125°C 
CERDIP 
±1 
LSB 


MAX167CMRG 
-55°C 
to +125°C 
CERDIP 
±1 
LSB 


MAX163BCNG 
O°C to +70°C 
Plastic 
DIP 
±1 
lSB 


MAX163CCNG 
O°C to +70°C 
Plastic 
DIP 
±1 
LSB 


MAX163BCWG 
O°C to +70°C 
Wide SO 
±1 
LSB 


MAX163CCWG 
O°C to +70°C 
Wide SO 
±1 
LSB 


MAX163BEWG 
-40° C to +85° C 
Wide SO 
±1 
LSB 


MAXl63CEWG 
-40° C to +85° C 
Wide SO 
±1 
LSB 


MAX163CC/D 
O°C to +70°C 
Dice·· 
±1 
LSB 


MAX163BENG 
-40°C 
to +85°C 
Plastic 
DIP 
±1 
LSB 


MAXl63CENG 
-40° C to +85° C 
Plastic 
DIP 
±1 
LSB 


MAX163BMRG 
-55°C 
to +125°C 
CERDIP 
±1 
LSB 


MAX163CMRG 
-55°C 
to +125° C CERDIP 
±1 
LSB 


MAXl64BCNG 
O°C to +70°C 
Plastic 
DIP 
±1 
LSB 


MAXl64CCNG 
O°C to +70°C 
Plastic 
DIP 
±1 
LSB 


MAXl64BCWG 
O°C to +70°C 
Wide SO 
±1 
LSB 


MAX164CCWG 
O°C to +70°C 
Wide SO 
±1 
LSB 


MAXl64BEWG 
-40° C to +85° C 
Wide 
SO 
±1 
LSB 


MAXl64CEWG 
-40° C to +85° C 
Wide 
SO 
±1 
LSB 


MAX164CC/D 
O°C to +70°C 
Dice·· 
±1 
LSB 


MAXl64BENG 
-40°C 
to +85°C 
Plastic 
DIP 
±1 
LSB 


MAXl64CENG 
-40°C 
to +85°C 
Plastic 
DIP 
±1 
LSB 


MAXl64BMRG 
-55°C 
to +125°C 
CERDIP 
±1 
LSB 


MAXl64CMRG 
-55°C 
to +125°C 
CERDIP 
±1 
LSB 


~~I~JXI~~I 
Opto-Isolated Serial Output 5.8ps 
12-8it A/D 
Converter 
_______ 
General Description 


The MAX171 is a complete 
5.8ps, 12-bit analog-to- 
digital converter 
(ADC) that provides over 1,500VRMS 
electrical 
isolation 
between its analog input and the 
digital 
interface pins. It combines 
a serial output 
12- 
bit ADC, three opto-couplers, 
and a low-drift 
buried- 
zener voltage reference in a standard 16-lead plastic 
DIP package (0.3"). 


Required external components 
are limited to supply 
and reference decoupling capacitors and three resistors. 
The 2.5MHz clock 
input can be driven from an ex- 


ternal clock source such as a divided microprocessor 
clock. The MAX171 works with +5V and -12V to -15V 
supply voltages and typically 
dissipates 265mW. 


The MAX171 is useful in applications 
where an analog 
signal must be electrically 
isolated from control elec- 
tronics to avoid hazardous electrical conditions, 
pro- 


vide noise immunity, 
or bridge 
large differences 
in 
ground 
potential. 
These situations 
have traditionally 


required an instrumentation 
or isolation amplifier with 
suitably 
high common 
mode rejection. 
If the analog 


signal must be digitized 
at some point in the signal 
chain, the MAX171 can replace these isolating ampli- 
fiers while providing high performance and lower cost. 


__________ 
Applications 


Ground-Loop 
Interruption 


Process Control 


Isolated Industrial Data Acquisition 


Electro-Mechanical 
Systems 


Robotics 


Automatic Test Equipment 


ISOV+ 
(+5V) 
3 


ANALOG 
4 
INPUT 


ISO 
6 
AGND 


12 CK- 


9 Vec 


11 DATA 


10GND 


2 


ISOY- 


(-12V1-15V) 


7 
1 
8 
TP 
ISO 
DGND 


• 
Optical 
Isolation 
to Over 1,500VRMS 


• 
UL Recognized 
in File E118032 to UL 1577 


• 
12-Bit Resolution 
and Linearity 


• 
5.8JlS Conversion 
Time 


• 
No Missing Codes Over Temperature 


• 
Serial Output 


• 
Complete 
with On-Chip 
Reference 


• 
Standard 
16-Lead Plastic DIP Package 


PART 
TEMP. RANGE 
PACKAGE 
ERROR 


MAX171ACPE 
O°C to +70°C 
Plastic 
DIP 
±'h LSB 


MAX171BCPE 
O°C to +70°C 
Plastic 
DIP 
±1 
LSB 


MAX171AEPE 
-40°C 
to +85°C 
Plastic DIP 
±'h LSB 


MAX171BEPE 
-40°C 
to +85°C 
Plastic 
DIP 
±1 
LSB 


ISODGND 
1 


ISO v- 
2 


REF 
5 


ISOAGND 
6 


TP 
7 


ISODGND 
8 


/ili/J XI/III 
Maxim Integrated Producttl 
7-67 


/" •.••JX,/", 
is a registered 
trademark 
of Maxim 
Integrated 
Products. 
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opto-'so'ated 
Serial Output 5.Bps 
12-8;t A/D 
Converter 


ABSOLUTE MAXIMUM RATINGS 


Isolation 
Voltage 
1 second 
1,500 YAMS 


1 minute 
1,200 YAMS 


Continuous 
130 YAMS 


Operating 
Temperature 
Ranges 
MAX171XC 
O°C to +70°C 
MAX171XE 
-40°C 
to +85°C 


Storage 
Temperature 
Range 
-65°C 
to +160°C 


Power 
Dissipation 
to +75°C 
1000mW 


Derates 
Above 
+75°C 
by 
10mWfOC 


Lead Temperature 
(Soldering 
10 sec) 
+3OO°C 


Stresses 
above 
those listed under 
"Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to the device. 
These are stress ratings 
only. 
and 
functional 
operation 
of the device at these or any other conditions 
above 
those indicated 
in the operational 
sections 
of the specifications 
is not 
implied. 
Exposure 
to absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect device 
reliabUity. 


VISOV. to ISO GND 
-0.3V 
to +7V 
VISOv- to ISO GND 
............•.......... 
+0.3V to -17V 


AIN 
to ISO GND 
..............•.................. 
±15V 


Vcc to GND 
.....................•......... 
-0.3V 
to +7V 
DATA Output 
Current 
60mA 
DATA Output 
Voltage 
5.5V 
Digital 
Inputs: 
S+ to S- and CK+ to CK-: 


LED Current 
15mA 
LED Reverse 
Voltage 
5V 


ELECTRICAL CHARACTERISTICS 
(Vcc = +5V ±5%, 
VISOv. = +5V ±5%, 
VISOv- = -11.4V to -15.75V; 
fClK = 2.5MHz; 
TA = TMIN to TMAXunless 
otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


ISOLATION 
(TA = +25°C. 
Note 1) 


Test Voltage 
VIsa 
1 second 
withstand 
1500 
VRMS 


1 minute 
withstand 
(Note 2) 
1200 
VRMS 


Leakage 
Current 
IISO 
VIsa = 130VRMS, 60Hz 
2 
50 
~ARMS 


Resistance 
RISO 
VIsa = 500VDC 
1010 
Cl 


Capacitance 
CISO 
5 
pF 


ACCURACY 


Resolution 
12 
Bits 
I MAX171AC 
±1/2 


Integral 
Non-Linearity 
INL 
MAX171AE 
±3/4 
LSB 


MAX171B 
±1 


Differential 
Non-Linearity 
DNL 
Guaranteed 
Monotonic 
Over Specified 
±1 
LSB 
Temperature 
Range 


Offset 
Error 
(Note 3) 
I MAX171A 
±3 
LSB 
MAX171B 
±5 


Full Scale 
Error 
(Note 4) 
TA = 25°C 
±10 
LSB 


Full Scale Tempco 
±45 
ppm/oC 
(Notes 
5, 6) 


Conversion 
Time 
tCONV 
14 Clock 
Cycles 
+ Opto-Coupler 
Delay 
5.8 
~ 


ANALOG 
INPUT 


Input 
Voltage 
Range 
0 
+5 
V 


Input 
Current 
AIN = OV to +5V 
3.5 
mA 


INTERNAL 
REFERENCE 


VAEFOutput 
Voltage 
TA = 25°C 
-5.2 
-5.25 
-5.3 
V 


VAEFOutput 
Tempco 
±40 
ppm/oC 
(Note 
7) 


Output 
Current 
(Note 8) 
5 
mA 
Sink Capability 


POWER SUPPLY REJECTION 


Positive 
Supply 
Rejection 
Voo 
FS Change, 
Voo = 4.75V to 5.25V 
±1/2 
LSB 
Vss = -15V or -12V 


Negative 
Supply 
Rejection 
Vss 
FS Change, 
Vss = -14.25V 
to -15.75V 
±1/8 
LSB 
Voo = +5V 
Vss = -11.4V to -12.6V 
±1/8 


Opto-Isolafed Serial Output 5.Bps 
12-8it A/D 
Converter 


ELECTRICAL 
CHARACTERISTICS 
(continued) 


(Vcc = +5V ±5%, 
VISOv. = +5V ±5%, 
VISOv- = -ll.4V 
to -15.75V; 
fCLK = 2.5MHz; 
TA = TMIN to TMAXunless 
otherwise 
noted.) 


PARAMETER 
I SYMBOL I 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


LOGIC 
INPUTS 
(S+ to S- and CK+ to CK-) 


LED Operating 
Current 
IIN 
8 
10 
15 
mA 


LED Forward 
Operating 
V,N 
IIN = 10mA 
1.55 
1.75 
V 
Voltage 


LED Capacitance 
(Note 9) 
C,N 
60 
pF 


LOGIC 
OUTPUT 
(DATA) 


Output 
Low Voltage 
VOL 
ISINK = 1.6mA 
0.4 
V 
VOL 
ISINK = 13mA 
0.25 
0.6 


Output 
High 
Current 
10H 
VOATA = 5.5 V 
0.02 
250 
pA 


POWER 
REQUIREMENTS 


Analog 
Positive 
Supply 
VISOv· 
±5% for Specified 
Performance 
4.75 
5.25 
V 
Voltage 


Analog 
Negative 
Supply 
VIso v- 
±5% for Specified 
Performance 
-15.75 
-11.4 
V 
Voltage 
(Note 
10) 


Analog 
Positive 
Supply 
1150v· 
START = Voo, AIN = OV 
25 
44 
mA 
Current 


Analog 
Negative 
Supply 
1150v- 
START = Voo, AIN = OV 
-6 
-12 
mA 
Current 


Digital 
Positive 
Supply 
Vcc 
4.75 
5.25 
V 
Voltage 


Digital 
Positive 
Supply 
Icc 
10 
18 
mA 
Current 


Power 
Dissipation 
VISOv· = +5V, VIso v- = -15V, Vcc = +5V 
265 
495 
mW 


TIMING 
CHARACTERISTICS 
(Note 
11) 


CLOCK 
Pulse Width 
tCH 
CLOCK 
HIGH 
60 
tCL 
CLOCK 
LOW 
80 
ns 


START Pulse Width 
tSH 
START 
HIGH 
60 


tSL 
START 
LOW 
80 
ns 


START to CLOCK 
Skew 
tsca 
Leading 
CLOCK 
100 
tSC1 
Leading 
CLOCK 
+ 1 
250 
ns 


CLOCK 
to DATA Delay 
tpo 
TA = 25°C 
175 
250 
ns 


Note 1: 
Isolation 
voltage 
is measured 
between 
pins 1 to 8 connected 
together 
and pins 9 to 16 connected 
together. 


Note 2: 
Guaranteed 
by the "2 second 
withstand 
test voltage," 
which 
is 100% production 
tested. 


Note 3: 
Typical 
change 
over temp 
is ±1 
LSB. 


Note 4: 
VISOv. = +5V, V,SOv- = -15V, 
FS = +5.000V or +2.5OOV. Ideal last code transition 
= FS - 3/2LSB 
Note 5: 
Full Scale Tempco = AFS/ AT, where 
AFS 
is full scale change 
from 
TA = 25° C to TMINor TMAX. 


Note 6: 
Includes 
internal 
reference 
drift 
Note 7: 
VREFTempco 
= AVREF/AT, where 
AVREF is reference 
voltage 
change 
from 
TA = 25°C 
to TMIN or TMAX. 


Note 8: 
Output 
current 
should 
not change 
during 
conversion. 
Note 9: 
Guaranteed 
by design, 
not subject 
to test. 


Note 
10: Specified 
performance 
with -12V supply 
is guaranteed 
by testing 
offset 
and full scale errors. 


Note 
11: Timing 
specifications 
are sample 
tested 
to LTPD 
= 10 at 25°C 
to ensure 
compliance. 
All input 
control 
signals 
are 


specified 
with 
t, = tt = 5ns (10% to 90% of +5V) and timed 
from 
a voltage 
level of +1.6V. 


-- 
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PIN 
NAME 
FUNCTION 
DIP 


1 
ISO DGND 
Isolated Digital Ground 


2 
ISO V- 
Analog NegativeSupply, 
-12Vor -15V 


3 
ISO V+ 
Analog PositiveSupply, 
+5V 


4 
AIN 
Analog Input, OVto +5V 
Unipolar 


5 
REF 
ReferenceVoltageOutput, 
-5.25V 


6 
ISO 
Isolated Analog Ground. 


AGND 
Normally tied to 
ISO DGND 


7 
TP 
TestPin. Leave 
unconnected 


8 
ISO DGND 
Isolated Digital Ground 


ELECTRICAL 
ISOLATION 
BARRIER 


9 
VCC 
Digital PositiveSupply. 
+5V 


10 
GND 
Digital Ground 


11 
DATA 
serial Data Output 


12 
CK- 
Clock- Input 


13 
CK+ 
Clock+ Input 


14 
S+ 
Conversion 
Start+ Input 


15 
S- 
Conversion 
Start- Input 


16 
N.C. 
No Connect 


_______ 
Converter Operation 


A/D 
Converter 


The MAX171 combines 
a successive 
approximation 
AID converter 
and three opto-couplers 
to convert an 
unknown analog input to an electrically 
isolated 12-bit 
serial output code. The opto-coupled 
digital interface 
works with three interface signals: Conversion 
Start 
Input (S+' S-). Clock Input (CK+, CK-), and the Serial 
Data Output (DATA). Most applications 
require only a 
few 
external 
passive 
components 
to 
perform 
the 
analog-to-digital 
function. Figure 1 shows the MAX171 
in its simplest operational 
configuration. 


Figure 2 shows the MAX171 analog equivalent circuit. 
The internal digital-to-analog 
converter (DAC) is con- 
trolled 
by a successive approximation 
register (SAR) 
and has an output 
impedance 
of 2.5kO. The analog 
input 
is connected 
to the DAC output 
with a 2.5kO 
resistor. The comparator 
is essentially a zero-crossing 
detector 
with 
its output 
feeding 
back to the SAR 


input. 


Opto-Couplers 


The Start (S+, S-) and Clock (CK+, CK-) inputs to the 
MAX171 are unbuffered 
LEDs and require 
a series 
resistor of typically 
4700 to a TTL or 5V-CMOS gate 
to set the drive current. The preferred connection 
is 
to tie the resistor from +5V to the LED anode and 
then connect logic LED cathode as shown in Figure 1. 
Alternatively, 
logic drive current 
may be sourced 
to 
a grounded 
LED, but this 
requires 
opposite 
logic 
polarity 
from Figure 1 for both the Start and Clock 
signals. 


The serial data output 
is an open-collector 
NPN bi- 
polar transistor, and normally requires a 4700 pull-up 
resistor to a +5V supply. The external 
stray capacit- 
ance at the DATA output 
pin should 
be kept below 
10pF for operation 
at the maximum clock rate. A low 
signal at the DATA output represents a logical "1" in 
the output word. 


Powe, Supplies 


The MAX171 requires three power supplies: +5V and 
-12V to -15V is required on the isolated analog side of 
the package (ISO V+, ISO VT A separate +5V voltage 
source 
(Vccl 
is required 
on the digital 
side of the 
isolation 
barrier for the DATA output transmitter. 


Digital Interface 
Clock - 
Oats Skew 


While the opto-isolators 
used in the MAX171 are fast 
enough for the specified 
conversion 
speed of 5.8tJs, 


they do add a time delay that impacts 
high speed 
operation. 
The AID cannot begin processing 
a clock 
edge before it crosses the isolation barrier. Therefore, 
the digital 
I/O signals at the AID lagllead 
the digital 
signals at the inpuVoutput 
pins. For example, as each 
successive 
approximation 
decision 
is sent 
out, 
it 
appears at the DATA pin following 
a delay induced by 
the opto-coupler. At low conversion rates (below 1MHz 
clock) 
these 
delays 
are negligible 
and 
Clock 
and 
Start signals 
may be applied 
simultaneously 
to the 
MAX171 and to the output 
register. At clock speeds 
above 1MHz, these delays become a significant portion 
of the clock cycle and must be compensated 
for best 
performance. 
Figure 3 illustrates using delay lines in 
the 
start 
and 
clock 
signals 
applied 
to the 
output 
register. 


Timing and Control 


A conversion 
cycle is initiated 
on the rising edge of 
the conversion 
start signal that is coincident 
with a 
falling 
edge of the Clock 
signal. 
Figure 4 shows a 
single 
conversion 
cycle 
with 
a continuous 
Clock. 


Once started, a conversion 
cannot 
be stopped 
and 
transitions 
at the Start input have no effect until the 
CURRENT conversion 
is completed 
(minimum 
of 14 
clock cycles from the last rising edge of the conversion 
start signal). 
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MAXIM 
MAX171 


+5 


VREF 
s· 
14 
4700 


~ 
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TTL 
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ANALOG 
SERIAL 
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INPUT 
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DGND 


2 
1 
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The Conversion Start transition causes the SAR to set 
B11 (MSB), driving the DAC output to half-scale. The 
analog input is compared to this value from the time 
of the conversion 
start transition 
until 
the second 


falling Clock edge which latches the MSB result and 
sets the SAR to compare the next bit. The MSB result 
appears at the DATA output 
after a delay, tPD from 


the falling edge of Clock. Each subsequent bit conver- 
sion proceeds similarly 
until all 12 bits of the DAC 


have been tried. The conversion 
is completed 
at the 


falling edge of the 13th Clock cycle. The DATA output 
returns 
high at the falling 
edge of the 14th Clock 


cycle and remains so until the next conversion sends 
out its MSB result. 


The next conversion can be started on the 14th Clock 
cycle of a previous conversion 
as shown in Figure 4. 


This allows the maximum throughput 
rate, one con- 


version per 14 Clock cycles. 


DI 
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1 DGND 
16 
N.C. 


2 
ISO Y- 
S- 
15 


3 
ISO Y. 
14 
4700 
S+ 


ANALOG 
4 
13 
4700 


INPUT 
CK+ 
• 
5 
12 
REF 
CK- 


6 
ISO 
11 
AGND 
DATA 
7 
TP 
GND 
10 


8 
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9 
DGND 
Ycc 
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Figure 
4. MAX171 
Conversion 
Cycle 
Timing 
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S+/S- 
ti 
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..• 
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_ 
tSC1 


14 


PREVIOUS 


CONVERSION 
CYCLE 


Figure 
5. MAX171 
Timing 
Diagram 


Conversion Start Timing 


Conversion 
start transitions 
must arrive within 
the 


setup limits tsco and tSCl relative to the falling edge of 
the Clock. This guarantees that the serial DATA output 
stream starts at the second Clock cycle, as shown in 
Figure 
5. Limits 
on tsco and tSC1 apply 
whether 
a 


conversion is started directly after a previous cycle on 
the 14th Clock, or if idle Clock pulses occur between 
conversions. 
Note that bringing 
the Start input high 


on the falling edge of the 14th Clock cycle allows the 
maximum time for the internal DAC to settle. 


Output Coding 


The data output 
from MAX171 is in Straight 
Binary 


Code. Other common binary codes, such as 2's com- 
plement, offset binary or complementary 
codes, can 


be obtained 
by inverting either the serial data, or the 


appropriate 
bit(s) of the parallel data in software or 


hardware. 


--- 
Applications 


Unipolar Input Operation 


Figure 
6 shows 
the 
nominal 
input/output 
transfer 


function 
of the MAX171. Code transitions 
occur half- 


way 
between 
successive 
integer 
LSB values. 
The 


output coding is binary with 1LSB = 1.22mV (5V14096). 


Offset and Full Scale Adjustment 


In applications 
where the offset and full scale range 


have to be adjusted for the ADC, use the circuit shown 
in Figure 7. Note that the amplifier shown could also 
have been a sample-and-hold. 
The offset should be 


adjusted first. Apply 1/2 LSB (0.61mV) at the analog 
input and adjust the offset of the amplifier 
until the 
digital output code changes between 0000סס oo 0000 
and 0000 0000 0001. 


To adjust 
the 
full 
scale 
range, 
apply 
FS - 3/2LSB 


(4.9817V) at the analog input and adjust R1 until the 
output 
code 
changes 
between 
1111 1111 1110 and 
1111 11111111. 


OUTPUT 
FULLSCALE 


11 
ll1C10DE 
/TR7 


ANSITIDN 


11 
110 


11 
101 


I 
I 
/ 
I 
/ 
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/ 


oo ... DI1IL 
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// 
00 .. 
Dl0 


00 
001 


00 
000° 
1 
2 
3-------tr 


LSBLSB'SLSB'S 
FS_ 1LSB 


FS = 5V 


lLSB = 
FS 
4096 


AMPLIFIER 
D-5V 
OR S/H 
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INPUT 
VIM 
)1 
4 AIN 


.NIAXI.NI 
MAX171 
6 
ISD 
AGND 
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ANALOG 
INPUT 
IVIMI 
R3 


Rl 
34.8kO 
0.1% 
5 
REF 
47IJF .NIAXI.NI 


+ 
6 
MAX171 
ISO 
AGNO 


Table 1. Resistor and Potentiometer 
Values Required 
for Offset and Gain Adjustment 
of Figure 8 


VIN Range 
R3* 
R4* 
Rz 
RG 
1/2LSB 
FS/2-3/2LSBs 
(Volts) 
(kO) 
(kO) 
(0) 
(0) 
(mV) 
(Volts) 


±2.5 
3.83 
8.25 
500 
500 
0.61 
2.49817 


±5.0 
33.2 
16.9 
500 
1000 
1.22 
4.99634 


±10.0 
47.5 
9.53 
500 
500 
2.44 
9.99268 


'R3 and R4 have a 0.1% tolerance. 
All resistors 
are standard 


EIA/MIL 
decade 
values. 


ANALOG 
Rs 
INPUT 
(V'N) 


Table 2. Resistor and Potentiometer 
Values Required 
for Offset and Gain Adjustment 
of Figure 9 


V'N 
FS/2 
Range 
R1* 
R2* 
R3* 
Rz 
RG 
1/2LSB 
·3/2 LSBs 
(Volts) 
(kO) 
(kO) 
(kCl) 
(0) 
(0) 
(mV) 
(Volts) 


±2.5 
20 
20.5 
42.2 
2000 
1000 
0.61 
2.49817 


±5.0 
20 
10.2 
21 
1000 
1000 
1.22 
4.99634 


±10.0 
20 
5.11 
10.5 
500 
1000 
2.44 
9.99268 


Bipolar Input Operation 


Bipolar 
operation 
can 
be achieved 
in two 
modes: 


non-inverting 
and inverting. For both cases, the ampli- 


fier shown 
in the circuits 
can be replaced 
by the 
AD585 or HA5320 sample-and-hold 
amplifiers. Several 
different 
input 
ranges are possible 
by selecting 
the 
values for the scaling resistors as shown in Tables 1 
and 2. 


Figure 
8 shows 
the 
bipolar 
operation 
in the non- 
inverting 
mode, where the output 
coding 
is offset 


binary. Figure 10 shows the ideal transfer function 
for 
this mode. 


Figure 9 shows the bipolar operation 
in the inverting 
mode 
where 
the 
output 
coding 
is complementary 
offset binary. Figure 10 shows the ideal transfer func- 
tion for the circuit 
in Figure 9. 


The resistors used in bipolar applications 
should 
be 
of the same type and from the same manufacturer 
to 
obtain 
low temperature 
drift. 0.1% resistors 
are rec- 
ommended for applications where offset and full scale 
adjustments 
must be made in bipolar circuits. 
If high 


tolerances are used, larger value potentiometers 
must 


be used and this results in poor sensitivity and higher 
temperature 
drifts. 


Offset and Full Scale Adjustment 


Offset should always be adjusted before full scale. For 
both circuits 
apply +1/2LSB to the analog input (see 
Tables 1 and 2) and adjust Rz until the output 
code 


flickers 
bewteen the following 
codes: 


For Non-Inverting 
(Figure 8) 
1000 0000 0000 
1000 0000 0001 


0111 1111 1111 
0111 1111 1110 


Apply 
FS - 3/2LSB (See Tables 1 and 2) to the input 
and adjust 
RG until 
the ADC 
output 
code 
flickers 
between the following 
codes: 


For Non-Inverting 
(Figure 8) 
1111 1111 1110 
1111 1111 1111 


0000 0000 0001 
0000 0000סס oo 
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the analog 
side 
(Pins 
1-8) of the A/D 
should 
be 
I: 
separated from the digital side (Pins 9-16) and should 
~ 


not reach or run underneath 
the package. 
In some 


cases it may be best to "notch" 
or cut out the ci rcuit 


board material to form an air gap between the pin rows. 
-.; 


Grounding 
~ 


No special precautions 
are necessary for the ground 


connection on the digital side of the MAX171. Connect 
GND (Pin 10) near the ground of the device that will 
receive the data. The isolated 
analog 
ground 
(ISO 


AGND, 
Pin 6) must 
be connected 
to the isolated 


digital ground 
pins (ISO DGND, Pins 1 and 8), and 


together 
they should 
be tied to the ground 
of the 


analog signal. No connection is needed between GND 
(Pin 10) and the isolated grounds. 


Power-Supply 
Bypassing 


The comparator 
in the MAX171 is sensitive to high 


frequency 
noise in the analog power supplies 
(ISO 


V+, ISO VT These supplies should be bypassed close 
to the device with 
0.1pF and 10pF capacitors 
with 


minimum 
lead length. If ISO V+ is very noisy, a small 


resistor (100 to 200) or inductor can be connected in 
series to form a low-pass filter with the by-pass ca- 
pacitors. 
The 
digital 
+5V supply 
(Vccl 
should 
be 


bypassed to GND with 0.1pF for best performance. 


Internal 
Reference 


The MAX171's on-chip 
reference is laser-trimmed 
to 


-5.25V ±1%. The reference output is available at REF 
(Pin 5) as a reference source for other components 
and also drives the internal DAC. 


For minimum 
noise, REF must be bypassed with a 


47pF tantalum capacitor in parallel with a 0.1pFceramic 
capacitor 
to maintain a low impedance 
at high fre- 


quencies (Figure 1). This capacitance 
also stabilizes 


the internal reference buffer amplifier preventing oscil- 
lations. No series resistance should be used between III 
REF and the bypass capacitors. 


Drilling 
the Analog 
Input 


The input signal leads to AIN and GND should be as 
short as possible to minimize 
noise pick-up. 
If the 


leads must be long use shielded cables to minimize 
noise pick-up. 


The input impedance at the AIN pin is typically 2.5kO. 
The amplifier driving AIN must have low enough DC 
output 
impedance 
for low gain error. Furthermore, 


low AC output impedance is also required since the 
analog input current 
is modulated 
at the clock 
rate 


during 
a conversion. 
The output 
impedance 
of the 


driving amplifier 
is reduced by the loop gain at the 


frequency 
of interest. With a maximum clock rate of 


2.5MHz, amplifiers 
like the OP-42, AD711, or OP-27 


are recommended. 
At a 1MHz clock rate, a MAX400 


or OP-07 can be used. 


LH17 
Module 
Product 
Reliability 


For 
reliability 
data 
on 
Maxim's 
Module 
Product 
Line, 


consult 
factory 
for 
Reliability 
Report 
RR-4A. 


Figure 
10. Ideal Input/Output 
Transfer Characteristics 
for 
the Bipolar 
Circuits 
in Figures 8 and 9 


MAX171 
to Sample-and·Hold 
Interface 


The analog 
input to the MAX171 must be stable to 
within ±1I2LSB during the entire conversion for speci- 
fied 12-bit accuracy. This limits the input signal band- 
width to a few Hertz for sinusoidal 
inputs. For higher 
bandwidth signals a sample-and-hold 
should be used. 


The signal that starts a conversion 
can be used to 


provide the TRACK/HOLD 
signal to the sample-and- 


hold amplifier. Note that this signal is not available on 
the isolated side of the barrier and must be separately 
coupled. The MAX171's DAC is switched at approxi- 
mately the same time as the sample-and-hold 
ampli- 


fier starts holding 
the signal. The sample-and-hold 


amplifier 
should 
switch 
to the HOLD mode before 


there are any disturbances on the input signal, other- 
wise code dependent errors will be observed. These 
can be avoided by starting the MAX171 slightly after 
the TRACK/HOLD 
signal by using a gate delay. For 
synchronous 
conversion 
start and CK+, CK- as de- 
scribed above, the maximum allowable 
hold settling 
time for the sample-and-hold 
is 600ns. 


Circuit 
Layout 


For best system performance 
printed circuit 
boards 
should be used for the MAX171. Wire wrap boards are 
not recommended. 
The layout of the board should 
ensure that digital and analog signal lines are separat- 
ed from each other as much as possible. Care should 
be taken not to run analog and digital lines parallel to 
each other or digital 
lines underneath 
the MAX171 
package. 


The pin configuration 
of the MAX171 is designed to 
provide optimum electrical isolation in printed circuit 
layouts. To maintain this capability, connections 
from 
/ili/J XI/III 
7-75 


Complete 
10pS CMOS 12·8;t ADC 


_______ 
Gene",' oe.c"pfion 


The MAX172 is a complete 12-Bit analog-ta-digital 
converter (ADC) that combines high speed, low power 
consumption, and an on-ehip voltage reference. The 
conversion time is 10ps. The buried zener reference 
provides low drift and low noise performance. 
External component requirements are limited to only 
decoupling capacitors for the power supply and refer- 
ence voltages. On-ehip clock circuitry is also included 
which can either be driven from an external source, 
or in stand-alone applications, can be used with a 
crystal. 
The MAX172usesa standard microprocessor interface 
architectur0hree-state 
data outputs are controlled 


by Read (RD) and Chip Select (CS) inputs. Data 
access and bus release times of 90 and 75ns respec- 
tively ensure compatibility with most popular micro- 
processors without resorting to wait states. 
_________ 
Appllcations 


Digital Signal Processing (DSP) 


High Accuracy Process Control 


High Speed Data Acquisition 


Electro-Mechanical Systems 


t2 
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Zl CI 


20 
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• 
12-81t Resolution and Linearity 


• 
10ps Conversion TIme 


• 
No Missing Codes 
• 
On-Chip Voltage Reference 


• 
90ns Access TIme 
• 
215mW Max Power Consumption 
• 
24-Lead Narrow DIP Package 
• 
Pln-for-Pln AD7572 Replacement 


PART 
TEMP. RANGE 
PACKAGE- 
ERROR 


MAX172ACNG 
O·C to +70·C 
Plastic 
DIP 
±'h LSB 


MAX172BCNG 
O·C to +70·C 
Plastic 
DIP 
±1 LSB 


MAX172ACWG 
O·C to +70·C 
Wide S.O. 
±'h LSB 


MAX172BCWG 
O·C to +70·C 
Wide S.O. 
±1 LSB 


MAX172CC/D 
O°C to +70°C 
Dice" 
±1 LSB 


MAX172AING 
-25° C to +85° C 
Plastic 
DIP 
±'h LSB 


MAX172BING 
-25° C to +85° C 
Plastic 
DIP 
±1 LSB 


MAX172AMRG 
-55°C 
to +125°C 
CERDIP 
±I'> LSB 


MAX172BMRG 
-55° C to +125· C 
CERDIP 
±1 LSB 


""'~I""'J X I""'~I 
•••• ,m ,,,,.,,,..,., 
I'roduca 7-n 


.MAXI.M 
is a'registered trademark of Maxim Integrated Products. 


Complete 10ps CMOS 12-8;t ADC 


ABSOLUTE 
MAXIMUM 
RATINGS 


VDD tD DGND 
-0.3V 
to +7V 
vss to DGND 
. 
+0.3V to -17V 
AGND 
to DGND 
-0.3V, 
VOD + 0.3V 
AIN 
to AGND 
....•......... 
-15V to +15V 
Digital 
Input 
Voltage 
to DGND 
-0.3V, 
VDO + 0.3V 
(Pins 
17, 19-21) 
Digital 
Output 
Voltage 
to DGND 
-0.3V, 
VDD + 0.3V 


(pins 
4-11, 13-16. 18, 22) 


Operating 
Temperature 
Ranges 
MAX172XC 
......................•...... 
O°C to +70°C 


MAX172XI 
-25° C to +85° C 


MAX172XM 
-55°C 
to +125°C 
Storage 
Temperature 
Range 
-65°C 
to +160°C 
Power 
Dissipation 
(any 
Package) 
to +75°C 
1000mW 
Derates 
Above 
+75° C by 
10mW/o C 
Lead 
Temperature 
(Soldering 
10 seconds) 
+300° C 


Stresses 
above 
those 
fisted unct.er ''Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 
These 
are stress rat~ngs only, and 
functional 
operation 
of the deVice 
at these or any other 
conditions 
above 
those indicated 
in the operational 
sections 
of the specifications 
is not 


implied. 
Exposure 
to absolute 
maximum 
ratings 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 
(VDD = +5V ± 5%, Vss = -12V or -15V 
± 5%; Slow 
Memory 
Mode; 
TA = TMIN to T MAXunless 
otherwise 
noted, 
fCLK = 1.25MHz.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


ACCURACY 


Resolution 
12 
Bits 


MAX172A 
TA = 25°C 
±1/2 


Integral 
Nonlinearity 
INL 
MAX172AC/AI 
±112 
LSB 
MAX172AM 
±3/4 
MAX172B 
±1 


Differential 
NonLinearity 
DNL 
Guaranteed 
Monotonic 
Over Temp. 
±1 
LSB 


MAX172B 
TA = 25°C 
±4 
TA = TMIN to TMAX 
±6 
Offset 
Error 
(Note 
1) 
LSB 


MAX172A 
TA=25°C 
±3 
TA = TMIN to T MAX 
±4 


MAX172B 
TA = 25°C 
±15 
LSB 
Full Scale 
Error 
(Note 
2) 
MAX172A 
TA = 25°C 
±10 


Full Scale Tempco 
(Notes 
3, 4) 
±45 
ppm/oC 


ANALOG 
INPUT 


Input 
Voltage 
Range 
0 
5 
V 


Input 
Current 
AIN 
= OV to +5V 
3.5 
mA 


INTERNAL 
REFERENCE 


VREFOutput 
Voltage 
TA=25°C 
-5.2 
-525 
-5.3 
V 


VREFOutput 
Tempco 
(Note 
5) 
40 
ppm/oC 


Output 
Current 
Sink Capability 
(Note 
6) 
500 
/lA 


LOGIC 
INPUTS 


Input 
Low 
Voltage 
V,L 
CS. RD. HBEN, 
CLKIN 
0.8 
V 


Input 
High 
Voltage 
V'H 
CS, RD, HBEN, 
CLKIN 
2.4 
V 


Input 
Capacitance 
(Note 
7) 
C'N 
CS, RD, HBEN, 
CLKIN 
10 
pF 


Input 
Current 
I'N 
CS, RD, HBEN 
I 
VIN = 0 to Voo 


±10 
/lA 
CLKIN 
±20 


LOGIC 
OUTPUTS 


Output 
Low 
Voltage 
VOL 
011-00/8, 
BUSY, CLKOUT 
IS1NK= 1.6mA 
0.4 
V 


Output 
High 
Voltage 
VOH 
011-00/8, 
BUSY, CLKOUT 
ISOURCE= 200/lA 
4 
V 


Floating 
State 
Leakage 
ILKG 
011-00/8, 
VOUT = OV to VOD 
±10 
/lA 
Current 


Floating 
State 
Output 
COUT 
15 
pF 
Capacitance 
(Note 
7) 


Complete 10pSCMOS 12·8;t ADC 


ELECTRICAL 
CHARACTERISTICS 
(Continued) 
=- 


(Voo = +5V ± 5%, Vss = -12V or -15V 
± 5%; Slow 
Memory 
Mode; 
TA = T MIN to TMAXunless 
otherwise 
noted, 
fCLK = 1.25MHz.) 
~ 


)< 
~ 


~ 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


CONVERSION 
TIME 


MAX172 
tCONV 


Synchronous 
(12.5 clock 
cycles) 
10 
Asynchronous 
(12 to 13 clock 
cycles) 
9.6 
10.4 
J1S 


POWER 
SUPPLY 
REJECTION 


Voo Only 
FS Change, 
Vss = -15V, Voo = 4.75V to 5.25V 
±112 
LSB 


Vss Only 
FS Change, 
Voo = 5V, Vss = -5% to +5% 
±1/8 
LSB 


POWER 
REQUIREMENTS 


Voo 
±5% 
for Specified 
Performance 
5 
V 


Vss (Note 
8) 
±5% 
for Specified 
Performance 
-120r-15 
V 


100 
CS = RD = Voo, AIN 
= 5V 
5 
7 
mA 


Iss 
CS = RD = Voo, AIN 
= 5V 
8 
12 
mA 


Power 
Dissipation 
Voo = +5V, Vss = -15V 
145 
215 
mW 


Note 
1: 
Typical 
change 
over temp 
is ±1 
LSB. 
Note 2: 
Voo = +5V, Vss = -15V, FS = +5.0OOV, Ideal 
last code 
transition 
= FS - 3/2LSB. 


Note 3: 
Full Scale 
TC 
= l>FS/l>T, 
where 
l>FS is full 
scale change 
from 
TA = 25°C 
to T~"N or TMAX' 


Note 4: 
Includes 
internal 
reference 
drift. 


Note 5: 
VREFTC = l>VREF/l>T, where 
l>VREF is reference 
voltage 
change 
from 
TA = 25°C 
to TM1Nor TMAX' 


Note 6: 
Output 
current 
should 
not change 
during 
conversion. 


Note 7: 
Guaranteed 
by design, 
not subject 
to test. 


Note 8: 
Functional 
operation 
at Vss = -12V ± 5% is guaranteed 
by testing 
offset 
error 
and full 
scale 
error. 


TIMING 
CHARACTERISTICS 
(Note 
9) 


(Voo = +5V, Vss = -12V or -15V; 
TA = TMIN to TMAX unless 
otherwise 
noted.) 


TA = 25°C 
MAX172C/I 
MAX 172M 
PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 


CS to RD Setup 
Time 
t, 
0 
0 
0 
ns 


RD to BUSY 
Delay 
t2 
CL = 50pF 
90 
190 
230 
270 
ns 


Data Access 
Time 
(Note 
10) 
t3 
CL = 20pF 
60 
90 
110 
120 
CL = 100pF 
70 
125 
150 
170 
ns 


RD Pulse 
Width 
t. 
t3 
t3 
t3 


CS to RD Hold 
Time 
ts 
0 
0 
0 
ns 


Data Setup 
Time 
After 
BUSY 
t6 
70 
90 
100 
ns 
Note 
(10) 


Bus Relinquish 
Time 
(Note 
11) 
t7 
20 
75 
20 
85 
20 
90 
ns 


HBEN 
to RD Setup 
Time 
t8 
0 
0 
0 
ns 


HBEN 
to RD Hold 
Time 
19 
0 
0 
0 
ns 


Delay 
Between 
Read Operations 
tlO 
200 
200 
200 
ns 


Note 
9: 
Timing 
specifications 
are sample 
tested 
at 25°C 
to ensure 
compliance. 
All input 
control 
signals 
are specified 
with 
t, = tl = 5ns (10% to 90% of +5V) and timed 
from 
a voltage 
level 
of +1.6V. 


Note 
10: 
t3 and 
t6 are measured 
with 
the 
load 
circuits 
of Figure 
1 and defined 
as the time 
required 
for an output 
to cross 


0.8V or 2.4V. 


Note 
11: 
t7 is defined 
as the time 
required 
for the data 
lines 
to change 
0.5V when 
loaded 
with 
the circuits 
of Figure 
2. 


Complete 10pSCMOS 12·8;t ADC 
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12·8;t AID Converters 


_______ 
General Description 


The MAX174 
and the MX574A/MX674A 
are complete 
12-bit analog-to-digital 
converters 
(ADCs) that combine 
high speed, 
low-power consumption, 
and on-chip clock 
and voltage reference. 
The maximum conversion 
times 
are 81ls (MAX174), 
151ls (MX674A) and 251ls (MX574A). 
Maxim's 
BiCMOS construction 
reduces 
power dissipa- 
tion 3 times (150mW) 
over comparable 
devices. 
The 
internal 
buried 
zener 
reference 
provides 
low-drift 
and 
low-noise 
performance. 
External 
component 
require- 
ments are limited to only decoupling 
capacitors 
and fixed 
resistors. 
The versatile analog input structure 
allows for 
OVto + 1OVor OVto +20V unipolar or ±5V or ±10V bipolar 
input ranges with pin strapping. 


The MAX174/MX574A/MX674A 
use standard 
micropro- 


cessor interface architectures 
and can be interfaced 
to 
8-, 12- and 16-bit wide buses. 
Three-state 
data outputs 
are controlled 
by CS, CE and R/C logic inputs. 


__________ 
Applications 


Digital Signal Processing 


High-Accuracy 
Process Control 


High-Speed 
Data Acquisition 


Electro-Mechanical 
Systems 


Features 


• 
Complete ADC with Reference and Clock 


• 
12-Bit Resolution and Linearity 


• 
No Missing Codes Over Temperature 


• 
150mW Power Dissipation 


• 
81ls (MAX174), 
151ls (MX674A) and 25jlS 
(MX574A) Max Conversion 
Times 


• 
Precision Low TC Reference: 
10ppmrC 


• 
Monolithic 
BiCMOS Construction 


• 
150ns Maximum 
Data Access Time 


PART 
PIN-PACKAGE 
LINEARITY 
TEMPCO 
(LSBs) 
(ppmI"C) 


8>LsMaximum 
Conversion 
Time 


TEMP. RANGE: 
O'Cto +70'C 


MAX 174ACPI 
28 Plastic DIP 
1/2 
10 


MAX174BCPI 
28 Plastic DIP 
1/2 
27 


MAX174CCPI 
28 Plastic DIP 
1 
50 


MAX174ACWI 
28 Wide SO 
1/2 
10 


MAX174BCWI 
28 Wide SO 
1/2 
27 


MAX174CCWI 
28 Wide SO 
1 
50 


MAX174BC/D 
Dice" 
1/2 
-- 


Functional Diagram 
__ 


CLOCK 


AND 
CONTROL 
LOGIC 


DIP/SO 


Pin Configurations 
continued 
on page 15. 


",a,.-I"'J X I ",a,.-. 
Maxim Integrated 
Products 
7-81 


212/8 
3ES 


4 AD 


Industry Standard Complete 
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ABSOLUTE MAXIMUM RATINGS 


............. 
ov to + 16.SV 
OV to -16.SV 
OV to +7V 
±lV 


.. -0.3V to vcc 
+0.3V 


20VIN to AGND 
..... 
±24V 
REFOUT 
Indefinite 
short to Vcc or AGND 
Power Dissipation 
(any package) 
to +7S'C 
1000mW 
Derates Above +7S'C by 
10mWI'C 
Operating 
Temperature 
Ranges: 
MAX174_C, 
MX_74AJ/KiL. 


MAX174_E, MXJ4AJE/KE/LE 
MAX 174_M , MX_74AS/T/U 
Storage Temperature 
Range 
Lead Temperature 
(Soldering, 
10 sec.) 


Vcc to DGND. 
VEEto DGND 
VL to DGND 
DGND to AGND 
. 


Control l!!.!Lutsto DG_ND~. 


(CE, CS, AO, 12/8, R/C) 
Digital Output Voltage to DGND 
(DB11-DBO, STS) 
Analog 
Inputs to AGND 
, .. 
(REFIN, BIPOFF, 10VIN) 


O'C to +70'C 


........... 
-40'C to +8S'C 
......... 
-SS'C to + 12S'C 
-6S'C to +160'C 


.......... 
+300'C 


~~:~:tr;nb;rJh~d 
JZ~~~ 
'::/7te~~~~r 
;~:6~h~: 
c~~~r::%n~ 
~:~~~~·r::;{e 
~~~f;1i:~"!;7:;~~:':a~~~~7 
st~;tg~~~1'th~h::;ca:,::fr;;; 
i':~~?r::;I(ffJc:ng:;~t~~ 
absolute 
maximum 
rating conditions 
for extended 
periods 
may affect device 
reliabifity. 


ELECTRICAL CHARACTERISTICS- 
MAX174 


(VL = +SV, Vcc = +lSVor 
+12V, VEE= -lSV or -12V; TA = +2S'C, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
I 
MIN 
TYP 
MAX 
UNITS 


ACCURACY 


Resolution 
RES 
12 
Bits 


TA = +2S'C 
MAX174NB 
±1/2 


MAX174C 
±1 
Integral Nonlinearity 
INL 
MAX174AC/BC 
±1/2 
LSB 
TA = TMIN 
MAX 174AE/BE/AM/BM 
±3/4 
to TMAX 
MAX174C 
±1 


Differential Nonlinearity 
DNL 
12 bits, no missing codes over temp 
±1 
LSB 


Unipolar Offset Error 
MAX174NB 
±1 
LSB 
(Note 1) 
MAX174C 
±2 


Bipolar Offset Error 
MAX174A 
±2 
LSB 
(Notes 2, 3) 
MAX174B/C 
±4 


Full-Scale Calibration 
Error 
±02S 
% 
(Note 3) 


TEMPERATURE 
COEFFICIENTS 
(Using 
Internal 
Reference, 
Notes 2, 3, 4) 


Unipolar Offset Change 
MAX174NB 
±1 
LSB 
MAX174C 
±2 


MAX 174AC/BC 
±1 
MAX 174CC 
±2 
Bipolar Offset Change 
MAX 174AE/AM 
±1 
LSB 
MAX174BE/BM 
±2 


MAX174CE/CM 
±4 


Note 1: Adjustable 
to zero. 


Note 2: 
With son fixed resistor from REFOUT to BIPOFF. 
Adjustable 
to zero. 


Note 3: 
With son fixed resistor from REFOUT to REFIN. 
Adjustable 
to zero. 


Note 4: 
Maximum change 
in specification 
from TA = +2S'C to TMIN or TA = +2S'C to TMAX. 


Note 5: 
External load current should not change 
during a conversion. 
For ±12V supply operation, 
REFOUT need not be buffered except 
when external load in addition 
to REFIN and BIPOFF inputs have to be driven. 


Industry Standard Complete 
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ELECTRICAL CHARACTERISTICS 
- MAX174 (continued) 


(VL = +SV, Vcc = +1SVor 
+12V, VEE= -1SV or -12V; TA = +2S"C, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


MAX174AC 
±2 
(10) 


MAX174BC 
±S 
(27) 


MAX174CC 
±9 
(SO) 


MAX 174AE 
±S 
(19) 


Full-Scale Calibration 
Change 
MAX174BE 
±10 
LSB 


(38) 
(ppm(C) 


MAX174CE 
±20 
(7S) 


MAX 174AM 
±S 
(12) 


MAX 174BM 
±10 
(2S) 


MAX174CM 
±20 
(SO) 


INTERNAL 
REFERENCE 


Output Voltage 
No Load 
I MAX174A 
9.98 
10.00 
10.02 
V 
MAX 174B/C 
997 
1000 
10.03 


Output Current (Note S) 
Available 
for external loads, in addition 
to 
2 
mA 
REFIN and BIPOFF load 


ELECTRICAL CHARACTERISTICS 
- MX574A, MX674A 


(VL = +SV, Vcc = + 1SV or + 12V, VEE= -1SV or -12V; TA = +2S"C, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


ACCURACY 


Resolution 
RES 
12 
Bits 


TA= 
MXS74AK/L/T/U, 


+2S"C 
MX674AK/L/T/U 
±1/2 


MXS74AJ/S, MX674AJ/S 
±1 


Integral Nonlinearity 
INL 
MXS74AK/L/KE/LE 
±1/2 
LSB 
TA= TMIN 
MX674AK/L/KE/LE 
±1/2 
toTMAX 
MXS74AT/U, MX674AT/U 
±3/4 
MXS74AJ/S, MX674AJ/S 
±1 


Differential Nonlinearity 
DNL 
12 bits, no missing codes over temp 
±1 
LSB 


Industry Standard Complete 
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ELECTRICAL CHARACTERISTICS 
- MX574A, MX674A (continued) 


(VL = +SV, Vcc = +lSVor 
+12V, VEE = -lSVor 
-12V; TA = +2S'C, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Unipolar Offset Error 
MXS7 4AK/lfT/U, 
MX67 4AK/lfT /U 
±1 
LSB 
(Note 1) 
MXS74AJ/S, MX674AJ/S 
±2 


Bipolar Offset Error 
MXS74AL/U, MX674AL/U 
±2 
LSB 
(Notes 2, 3) 
MXS74AJ/K/SIT, 
MX674AJ/K/SIT 
±4 


Full-Scale Calibration 
Error 
MXS74AL/U 
±0.12S 
% 
(Note 3) 
MXS74AJ/K/SIT, 
MX674A 
±O.2S 


TEMPERATURE 
COEFFICIENTS 
(Using Internal Reference, 
Notes 2, 3, 4) 


Unipolar Offset Change 
MXS74AK/lfT /U, MX67 4AK/lfT /U 
±1 
LSB 
MXS74AJ/S, MX674AJ/S 
±2 


MXS74AK/L, MX674AK/L 
±1 
MXS74AJ, MX674AJ 
±2 


Bipolar Offset Change 
MXS74AU/LE, MX674AU/LE 
±1 
LSB 
MXS74AT/KE, MX674AT/KE 
±2 


MXS74AS/JE, MX674AS/JE 
±4 


MXS74AL, MX674AL 
±2 
(10) 


MXS74AK, MX674AK 
±S 
(27) 


MXS74AJ, MX674AJ 
±9 
(SO) 


MXS74ALE, MX674ALE 
±S 
(19) 


Full-Scale Calibration 
Change 
MXS74AKE, MX674AKE 
±10 
LSB 
(38) 
(ppmfC) 


MXS74AJE, MX674AJE 
±20 
(7S) 


MXS74AU, MX674AU 
±S 
(12) 


MXS74AT, MX674AT 
±10 
(2S) 


MXS74AS, MX674AS 
±20 
(SO) 


INTERNAL 
REFERENCE 


I MXS74AL/U 
999 
1000 
10.01 


Output Voltage 
No Load 
MXS74AJ/K/SIT, 
MX674AL/U 
998 
1000 
10.02 
V 
MX674AJ/K/SIT 
9.97 
10.00 
1003 


Output Current (Note S) 
Available 
for external loads, in addition 
to 
2 
mA 
REFIN and BIPOFF load 


Note 1: Adjustable 
to zero. 


Note 2: With son fixed resistor from REFOUT to BIPOFF. 
Adjustable 
to zero. 


Note 3: With son fixed resistor from REFOUT to REFIN. 
Adjustable 
to zero. 


Note 4: Maximum change 
in specification 
from TA = +2S'C to TMIN or TA = +2S'C to TMAX. 


Note 5: External load current should not change 
during a conversion. 
For ±12V supply operation, 
REFOUT need not be buffered 
except 


when external load in addition 
to REFIN and BIPOFF inputs have to be driven. 


Industry Standard Complete 
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ELECTRICAL CHARACTERISTICS 
- MAX174/MX574A1MX674A 


(VL = +5V, Vcc = +15V or +12V, VEE= -15V or -12V; TA = +25·C, unless otherwise 
noted.) 


PARAMETER 
I SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


ANALOG 
INPUT 


Using 10V Input 
±5 
8ipolar 
Input Range 
V 
Using 20V Input 
±10 


Using 10V Input 
0 
+10 
Unipolar 
Input Range 
V 
Using 20V Input 
0 
+20 


10V Input 
3 
5 
7 
Input Impedance 
kQ 
20V Input 
6 
10 
14 


POWER-SUPPLY 
REJECTION 
(Max change in Full-Scale 
Calibration) 


+15V ±1.5V 
MAX174A/8, 
MX 74AK/lfTU 
±1/8 
±1 
VCCOnly 
or 
+12V±O.6V 
MAX174C, MXJ4AJ/S 
±1/8 
±2 
LS8 
VEE Only 
-15V ±1.5V or -12V ±0.6V 
±1/8 
±1/2 


VLOnly 
+5V±0.5V 
±1/8 
±1/2 


LOGIC INPUTS 


Input Low Voltage 
VIL 
CS, CE, RIC, AO, 12/8 
0.8 
V 


Input High Voltage 
VIH 
CS. CEo RIC, AO, 12/8 
2.0 
V 


Input Current 
IiN 
CS, CE, RIC, AO, 12/8, VIN =°to VL 
±5 
IlA 


Input Capacitance 
CIN 
CS, CE, RIC, AO, 12/8 
7 
pF 


LOGIC OUTPUTS 


Output Low Voltage 
VOL 
0811-080, 
ISINK = 1.6mA 
0.4 
V 
STS 


Output High Voltage 
VOH 
0811-080, 


ISOURCE= 500~ 
4 
V 
STS 


Floating State Leakage 
ILKG 
0811-080, 


VOUT = 0 to VL 
±10 
IlA 
Current 
STS 


Floating State Output 
COUT 
0811-080 
8 
pF 
Capacitance 


CONVERSION 
TIME 


MX574A 
15 
20 
25 


12-8it Cycle 
tCONV 
MX674A 
9 
12 
15 
IlS 


MAX 174 
6 
7 
8 


MX574A 
10 
14 
18 


8-8itCycle 
tCONV 
MX674A 
6 
8 
11 
IlS 


MAX174 
4 
5 
6 


POWER REQUIREMENTS 


VCC Operating 
Range 
11.4 
16.5 
V 


VL Operating 
Range 
4.5 
5.5 
V 


VEE Operating 
Range 
-11.4 
-16.5 
V 


VCC Supply Current (Note 5) 
Icc 
3 
5 
mA 


VL Supply Current (Note 5) 
IL 
3 
8 
mA 


VEE Supply Current (Note 5) 
lEE 
6 
10 
mA 


Power Oissipation 
(Note 5) 
Po 
VCC = +15V and VEE = -15V 
150 
265 
mW 
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TIMING CHARACTERISTICS 
- MAX174/MX574A/MX674A 
(Note 6) 


(VL = +5V, Vcc = + 15V or +12V, VEE= -15V or -12V) 


TA = +2S'C 
T A = ·40·C to +8S'C 
TA = ·SS·C to +12S'C 
PARAMETER 
SYMBOL 
CONDITIONS 
TA = O'C to +70'C 
UNITS 


MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 


CONVERT 
START TIMING - FULL CONTROL 
MODE 


STS Delay from CE 
tDSC 
CL = 50pF 
100 
200 
250 
320 
ns 


CE Pulse Width 
tHEC 
50 
15 
50 
50 
ns 


CS to CE Setup 
tssc 
50 
50 
50 
ns 


CS Low During CE High 
tHSC 
50 
50 
50 
ns 


R/C to CE Setup 
tSRC 
50 
50 
50 
ns 


R/C Low During CE High 
tHRC 
50 
50 
50 
ns 


AO to CE Setup 
tSAC 
0 
0 
0 
ns 


AO Valid During CE High 
tHAC 
50 
50 
50 
ns 


READ TIMING - FULL CONTROL 
MODE 


Access 
Time (from CE) 
tDD 
CL = lOOpF 
60 
120 
150 
200 
ns 


Data Valid after CE Low 
tHD 
25 
40 
20 
15 
ns 


Output Float Delay 
tHL 
75 
100 
120 
ns 


CS to CE Setup 
tSSR 
50 
50 
50 
ns 


R/C to CE Setup 
tSRR 
0 
0 
0 
ns 


AO to CE Setup 
tSAR 
50 
50 
50 
ns 


CS Valid After CE Low 
tHSR 
0 
0 
0 
ns 


R/C High After CE Low 
tHRR 
0 
0 
0 
ns 


AO Valid After CE Low 
tHAR 
0 
0 
0 
ns 


STAND·ALONE 
MODE 


Low R/C Pulse Width 
tHRL 
50 
15 
50 
50 
ns 


STS Delay from R/C 
tDS 
115 
200 
250 
320 
ns 


Data Valid After R/C Low 
tHDR 
25 
40 
20 
15 
ns 


MX574A 
300 
600 
1000 
300 
1000 
300 
1000 
STS Delay After Data 
tHS 
MX674A 
30 
320 
600 
30 
600 
30 
600 
ns 
Valid 


MAX174 
30 
140 
300 
30 
300 
30 
400 


High R/C Pulse Width 
tHRH 
150 
150 
200 
ns 


Data Access 
Time 
tDDR 
CL = 100pF 
60 
120 
150 
200 
ns 


Note 6: Timing specifications 
guaranteed 
by design. 
All input control signals specified 
with tr = tf = 5ns (10% to 90% of +5V) and 


timed from a voltage level of + 1.6V. See loading circuits 
in Figures 1 and 
2. 
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ON--1~----r: 
13k 
I 100pF 


+5V 


~ 
3k 


DN~ r 
l00pF 


PIN# 
NAME 
FUNCTION 


1 
VL 
Logic Supply, 
+5V 


2 
12/8 
Data Mode Select Input 


3 
CS 
Chip-Select 
Input. 
Must be low to se- 
lect device. 


4 
AO 
Byte Address/Short 
Cycle Input. 
When 
starting a conversion, 
controls number 
of bits converted 
(low = 12 bits, b.igh = 
8 bits). When reading 
data, if 12/8 = 


low, enables 
low byte (AO = high) or 
high byte (AO = low). 


5 
R/C 
Read/Convert 
Input. 
When high, the 
device will be in the data-read 
mode. 


When low, the device will be in the 
conversion 
start mode. 


6 
CE 
Chip-Enable 
Input. 
Must be high to 
select device. 


7 
Vcc 
+12V or + 15V Supply 


8 
REFOUT 
+ 1OV Reference Output 


9 
AGND 
Analog Ground 


10 
REFIN 
Reference 
Input 


11 
VEE 
-12Vor 
-15V Supply 


12 
BIPOFF 
Bipolar Offset Input. 
Connect to 


REFOUT for bipolar input range. 


13 
10VIN 
10V Span Input 


14 
20VIN 
20V Span Input 


15 
DGND 
Digital Ground 


16-27 
00-011 
Three-State 
Data Outputs 


28 
STS 
Status Output 


ON~1=3k-r: 
1 
r 10pF 


+5V 


~ 
3k 


DN~ I10pF 


______ 
Converter 
Operation 


The 
MAX17 4/MX57 
4A1MX67 
4A 
use 
a successive 


approximation 
technique 
to convert 
an 
unknown 
analog 
input 
to a 12-bit 
digital 
output 
code. 
The 


control 
logic 
provides 
easy 
interface 
to most 
mi- 
croprocessors. 
Most 
applications 
require 
only 
a 


few 
external 
passive 
components 
to perform 
the 


analog-to-digital 
(AID) 
function. 


The internal voltage output DAC is controlled 
by a Suc- 
cessive 
Approximation 
Register (SAR) and has an output 


impedance 
of 2.5kQ. 
The analog input is connected 
to 


the DAC output with a 5kQ resistor for the 10V input and 
10kQ resistor for the 20V input. 
The comparator 
is es- 
sentially a zero crossing 
detector, 
and its output is fed 


back to the SAR input. 


The SAR is set to half scale as soon as a conversion starts. 
The analog 
input is compared 
to 1/2 of the full-scale 


voltage. 
The bit is kept if the analog input is greater than 
half scale or dropped 
if smaller. 
The next bit, bit 10, is 


then set with the DAC output either at 1/4 scale, if the 
Most Significant 
Bit (MSB) is dropped, 
or 3/4 scale if the 


MSB is kept. 
The conversion 
continues 
in this manner 
until the Least Significant 
Bit (LSB) is tried. 
At the end of 
the conversion, 
the SAR output is latched into the output 


buffers. 
________ 
Digital Interface 


CE, 
CS, 
and 
R/C 
control 
the 
operation 
of 
the 


MAX174/MX574A/MX674A 
While both CE and CS are 


asserted, 
the state of R/C selects whether a conversion 


(R/C = 0) or a data read (R/C = 1) is in progress. 
The 


register 
control 
inputs, 
12/8 and 
AO, select 
the data 


format and conversion 
length. 
AO is usually tied to the 


LSB of the address bus. To perform a full 12-bit conver- 
sion, set AO low during a convert start. For a shorter 8-bit 
conversion, 
AO must be high during a convert start. 
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CE 
cs 
R/C 
12/8 
AO 
OPERATION 


0 
X 
X 
X 
X 
None 


X 
1 
X 
X 
X 
None 


1 
0 
0 
X 
0 
Initiate 12-bit 
conversion 


1 
0 
0 
X 
1 
Initiate 8-bit 
conversion 


1 
0 
1 
1 
X 
Enable 12-bit 
parallel output 


1 
0 
1 
0 
0 
Enable 8MSBs 


1 
0 
1 
0 
1 
Enable 4LSBs 
+ 4 trailing Os 


______ 
Output Data Format 


During a data read, AO also selects whether the three- 
state buffers contain the 8MSBs (AO = 0) or the 4LSBs 
(AO = 1) of the digital result. 
The 4LSBs are followed by 
4 trailing Os. 


Output data is formatted according 
to the 12/8 pin. If this 
input is low, 
the output will be a word broken into two 


8-bit bytes. 
This allows direct 
interface 
to 8-bit buses 
without the need for external three-state 
buffers. 
If 12/8 


is high, 
the output 
will be one 12-bit word. 
AO can 


change 
state while a data-read 
operation 
is in effect. 


To begin a conversion, 
the microprocessor 
must write to 


the ADC address. 
Then, since a conversion usually takes 
longer than a single clock cycle, the microprocessor 
must 
wait for the ADC to complete 
the conversion. 
Valid data 


will be made available only at the end of the conversion, 
which is indicated 
by STS. STS can be either polled or 
used to generate 
an interrupt upon completion. 
Or, the 


microprocessor 
can be kept idle by inserting the appro- 


priate number 
of No OPeration 
(NOP) instructions 
be- 
tween the conversion-start 
and data-read 
commands. 


After the conversion 
is completed, 
data can be obtained 


by the microprocessor. 
The ADCs have the required 
logic 
for 8-, 12- and 
16-bit 
bus 
interfacing, 
which 
is 
determined 
by the 12/8 input. 
If 12/8 is high, the ADCs 


are configured 
for a 16-bit bus. 
Data lines DO-D11 may 


be connected 
to the bus as either the 12MSBs or the 
12LSBs. The other 4 bits must be masked out in software. 


For 8-bit bus operation, 
12/8 is set low. The format is left 
justified, 
and the even address, 
AO low, contains 
the 
8MSBs. 
The odd address, AO high, contains the 4LSBs, 


which is followed by 4 trailing Os. There is no need to use 
a software 
mask when the ADCs are connected 
to an 
8-bit bus. 


Note that the output cannot be forced to a right-justified 
format 
by rearranging 
the data lines on the 8-bit bus 
interface. 
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Table 2. MAX174/MX574A1MX674A 
Data Format for 
8·Bit Bus 


07 
06 
05 
04 
03 
02 
01 
DO 


High Byte 
MSB 
010 
09 
08 
07 
06 
05 
04 
(AO; 0) 


Low Byte 
03 
02 
01 
DO 
0 
0 
0 
0 
(AO; 1) 


L 


27 (MS8) 
07 


26(010) 
06 


A'UlIXI.NI 
25(09) 
05 
MAX174 
24(08) 
04 
MX574A 
23(07) 
03 
MX674A 
22(06) 
02 


21 (05) 
01 


20(04) 
DO 


19(03) - 


18(02) 
~ 
17(01) 
=>~ 
16(LS8) 
~ 
0 


HARDWIRING 
FOR 8-BIT DATA 
BUSES 
" 


_______ 
Timing and Control 


Convert Start Timing· Full Control Mode 


R/C must be low before asserting 
both CE and CS. 
If it 
is high, a brief read operation 
occurs 
possibly 
resulting 


in system bus contention. 
To initiate a conversion, 
use 
either CE or CS 
CE is recommended 
since it is shorter 


by one propagation 
delay than CS and is the faster input 
of the two. CE is used to begin the conversion in Figure 4. 


Once STS goes high, signaling 
that a conversion 
has 
started, 
all convert 
start commands 
will have no effect 
until the conversion 
is finished. 
Also, the output 
data 


buffers cannot be enabled during a conversion. 


Read Timing - Full Control Mode 


Figure 5 illustrates the read-cycle 
timing. 
While readin.a 
data, access time is measured 
from when CE and R/C 
are both high. Access time is extended 
1Ons if CS is used 


to initiate a read. 


Stand-Alone Operation 


For systems which do not use or require full bus interfac- 
ing, the MAX17 4/MX57 4A/MX67 4A can be operated 
in a 
stand-alone 
mode 
directly 
linked 
through 
dedicated 
input ports. 


IHEe 


CE 
CE 


CS 
cs 
-- 


RiC 
IVt 


STS 
ID_SC_I_ 
~1,==t.- 
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IHORr- 
--I, IHS 


00-11 
~}--- 
HIGH IMPEDANCE ---1~ _ 


IOORt=_tHOR t 
~ r-HIGH IMPEDANCE 
-- 


Figure 
7. High Pulse for RlC in Stand-Alone 
Mode 


When configured 
in the stand-alone 
mode, conversion 
is 


controlled 
by RIG. 
In addition, CS and AO are wired low; 


CE and 12/8 are wired high. 
To enable the three-state 
buffers, set RIG low. A conversion 
starts when RIG is set 
high. 
This allows either a high- or a low-pulse 
control 
signal. 
Shown in Figure 6 is the operation 
with a low 
pulse. 
In this mode, 
the outputs, 
in response 
to the 
falling edge of RIG, are forced into the high impedance 
state and return to valid logic levels after the conversion 
is complete. 
The STS output 
goes high following 
RIG 
falling 
edge 
and 
returns 
low when 
the conversion 
is 
complete. 


A high-pulse 
conversion initiation is illustrated in Figure 7. 


When RIG is high, the data lines are enabled. 
The next 


conversion 
starts with the falling edge of RIG. The data 


lines 
return 
and 
remain 
"high 
impedance 
state" until 
another RIG high pulse. 


SIH AND 
ANALOG 
CIRCUITRY 


.;>MAx •.•.••• 


MAXI74 
MX574A 
MX614A 


_____ 
Analog Considerations 


Application Hints 


Physical Layout 


For best 
system 
performance, 
printed 
circuit 
boards 


should be used for the MAX174/MX574NMX674A. 
Wire- 
wrap boards are not recommended. 
The layout of the 


board should ensure that digital and analog signal lines 
are kept separated from each other as much as possible. 
Care should be taken not to run analog and digital lines 
parallel 
to each 
other 
or digital 
lines underneath 
the 


MAX17 4/MX57 4NMX67 4A. 


Grounding 


The recommended 
power-supply 
grounding 
practice 
is 


shown in Figure 8. The ground 
reference 
point for the 


on-chip 
reference 
is AGND. 
It should 
be connected 
directly to the analog reference point of the system. 
The 


analog 
and digital 
grounds 
should 
be connected 
to- 


gether at the package 
in order to gain all of the accuracy 
possible from the MAX17 4/MX57 4NMX67 4A in high dig- 
ital noise environments. 
In situations permitting, they can 
be connected 
to the most accesssible 
ground reference 


point. The preference 
is analog power return. 


Power-Supply 
Bypassing 


The MAX174/MX574NMX674A 
power supplies 
must be 
filtered, 
well regulated, 
and free from 
high-frequency 


noise, or unstable output codes will result. 
Unless great 
care is taken in filtering any switching 
spikes present in 


the output, switching power supplies is not suggested 
for 


applications 
requiring 
12-bit resolution. 
Take note that a 
few millivolts of noise converts to several error counts in 
a 12-bit ADC. 
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DGND 


.NIAXIAII 


MAXI 74 


Vcc 
MX574A 
MX674A 


Figure 9. Power-Supply 
Bypassing 


All power-supply 
pins 
should 
use supply 
decoupling 


capacitors 
connected 
with short lead length to the pins, 
as shown in Figure 9. The VCC and VEE pins should be 
decoupled 
directly to AGND. 
A 4.7!!F tantalum type in 
parallel 
with a O.1!!F disc 
ceramic 
type 
is a suitable 


decoupling. 


Internal Reference 


The MAX174/MX574A/MX674A 
have an internal buried 
zener reference that provides a 10V, low-noise and low- 
temperature 
drift output. 
An external reference voltage 


can also be used for the ADC. 
When using ±15V sup- 


plies, the internal 
reference 
can source 
up to 2mA in 


addition 
to the BIPOFF and REFIN inputs over the entire 


operating 
temperature 
range. 
With ±12V supplies, 
the 


reference 
can drive the BIPOFF and REFIN inputs over 


temperature, 
but it CANNOT drive an additional 
load. 


Driving the Analog Input 


The input leads to AGND and 10VIN or 20VIN should be 
as short as possible 
to minimize 
noise pick up. 
If long 


leads are needed, 
use shielded 
cables. 


When using the 20VIN as the analog input, load capaci- 
tance on the 10VIN pin must be minimized. 
Especially on 


the faster MAX174, leave the 10VIN pin open to minimize 
capacitance 
and to prevent 
linearity 
errors caused 
by 


inadequate 
settling time. 


The amplifier 
driving 
the analog 
input must have low 


enough 
DC output 
impedance 
for low full-scale 
error. 


Furthermore, 
low AC output impedance 
is also required 


since the analog input current is modulated 
at the clock 


rate during the conversion. 
The output impedance 
of an 


amplifier is the open-loop 
output impedance 
divided 
by 


the loop gain at the frequency 
of interest. 


MX574A and MX674A - The approximate 
internal clock 


rate is 600kHz and 1MHz respectively, 
and amplifiers like 


the MAX400 can be used to drive the input. 


MAX174 
- The internal 
clock 
rate is 2M Hz and faster 


amplifiers 
like the OP-27, AD711 or OP-42 are required. 


Track-and-Hold 
Interface 


The analog 
input to the ADC must be stable to within 


1/2LSB during the entire conversion 
for specified 
12-bit 


accuracy. 
This limits the input signal 
bandwidth 
to a 


+15V 
+Vs 
CONTROL 


HOLD 
STS 
INPUTS 


AD585+ 
A4AXIAII 


LREF 
MX574A+ 
00-11 


·15V 
-Vs 
MX674A 


4.7~FY 


2OV,. 
+15V 


10V,. 


+V,. 
BIPOFF 
-15V 


ANALOG 
500 


INPUT 
GNO 
REFOUT 


SOn 


REFIN 
+5V 


Y4.7~F 


Figure 10. MX574NMX674A 
to AD585 Sample-and-Hold 
Interface 


.•••", 
.•••J X ,.•..", 


IDI 
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Figure 
11. MAX174 to HA5320 sample-and-Hold 
Interface 


couple of hertz for sinusoidal 
inputs even with the faster 
MAX174. For higher bandwidth 
signals, a track-and-hold 
amplifier should be used. 


The STS output may be used to provide the Hold signal 
to the track-and-hold 
amplifier. 
However, since the NO's 
OAC is switched 
at approximately 
the same time as the 
conversion 
is initiated, 
the switching 
transients 
at the 
output of the T/H caused by the OAC switching may result 
in code dependent 
errors. 
It is recommended 
that the 


Hold signal to the T/H amplifier precede 
a conversion 
or 
be coincident 
with the conversion 
start. 


The first bit decision 
by the NO is made approximately 
1.5 clock cycles after the start of the conversion. 
This is 
2.5~s, 1.5~s and 0.8~s for the MX574A, MX674A, and 
MAX174 respectively. 
The T/H hold settling time must be 
less than this time. 
For the MX574A and MX674A, the 
A0585 
sample-and-hold 
is recommended 
(Figure 
10). 


For the MAX174, a faster T/H amplifier, 
like the HA5320 


or HA5330, should be used (Figure 11). 


Input Configurations 


The MAX174/MX574A/MX674A 
input range can be set 
using pin strapping. 
Table 3 shows the possible 
input 


ranges 
and ideal transition 
voltages. 
End-point 
errors 
can be adjusted 
in all ranges. 


CONTROL 


STS 
INPUTS 


'-AXl.- 


MAXI74· 
00-11 


20VIN 
Vcc 
+lSV 


lOVIN 


BIPOFF 
-lSV 


son 


REFOUT 


SOn 


REFIN 
Vi. 
+sv 


Y4.7~F 


ANALOG 
INPUT VOLTAGE 
(Volts) 
DIGITAL 
OUTPUT 


o to +10V o to +20V 
±5V 
±10V 
MSB 
LSB 


+10.0000 
+20.0000 
+5.0000 
+10.0000 
111111111111 


+9.9963 
+19.9927 
+4.9963 
+9.9927 
111111111110' 


+5.0012 
+10.0024 
+0.0012 
+00024 
1000 0000 0000' 


+4.9988 
+99976 
-0.0012 
-0.0024 
011111111111' 


+4.9963 
+9.9927 
-00037 
-0.0073 
011111111110' 


+00012 
+0.0024 
-4.9988 
-9.9976 
0000 0000 0000' 


0.0000 
00000 
-5.0000 
-10.0000 
0000 0000 0000 


Note 1: For unipolar input ranges, output coding is straight binary. 
Note 2: For bipolar input ranges, output coding 
is offset binary. 


Note 3: For OV to + 10V or ±5V ranges, 
1LSB = 2.44mV. 


Note 4: For OV to +20V or ±lOV ranges, 
1LSB = 4.88mV. 


• The digital outputs will be flickering 
between the indicated code 
and the indicated 
code plus one. 


Unipolar Input Operation 


The unipolar transfer function and input connections 
are 
shown in Figures 12 and 13. 


Because 
all internal 
resistors 
of the MAX174/MX574N 


MX674A are trimmed for absolute calibration, 
additional 
trimming 
is not necessary 
for most applications. 
The 
absolute accuracy 
for each grade is given in the specifi- 
cation tables. 


Ifthe offset trim is not needed, BIPOFF can be tied directly 
to AGNO. 
The two resistors and trimmer for BIPOFF can 
then be discarded. 
A 50n 
±1 % metal film resistor should 


be attached 
between REFOUT and REFIN. 


7-92 
..I1;'1..IJ X 1..11;'1 
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For a OV to + 1OV input range, the analog 
input is con- 


nected 
between 
AGND 
and 10VIN. 
For a OV to +20V 


input 
range, 
the 
analog 
input 
is connected 
between 


AGND 
and 20VIN. 
These ADCs can easily handle 
an 
input signal beyond the supplies. 
If full-scale trim is not 
needed, 
the gain trimmer, R2, should be swapped 
with 


a son resistor. Should a 10.24V input range be selected, 
a 200n trimmer should be inserted in series with 10VIN. 
For a full-scale input range of 20.48V, use a soon trimmer 
in series with 20VIN. The nominal input impedance 
into 


10VIN is 5kn and 10kn for 20VIN. 


OUTPUT CODE 


11Tl111111111 


111111111110 


111111111101 


000000000011fL 
/' 


סס oo 0000 0010 


סס ooסס oo0001 


סס ooסס ooסס oo 
o 
1 
2 
3 


OFFSET 
lOOk(} 


Rl 


{ 


OVIotl0V 
ANALOG 
INPUTS 


OV 10 t20V 


Figure 
13. 
Unipolar Input Connections 
/ili/J XI/III 


~ 


FULL·SCALE 
TRANSITION 


Offset and Full-Scale Adjustment 


In applications 
where the offset and full-scale range have 


to be adjusted, 
use the circuit shown in Figure 12. The 


offset 
should 
be adjusted 
first. 
Apply 
1/2LSB at the 


analog input and adjust R1 until the digital output code 
flickers between 0000 0000 0000 and 0000 0000 0001. 


To adjust the full-scale 
range, apply FS - 3/2LSB at the 


analog input and adjust R2 until the output code changes 
between 
1111 1111 1110 and 1111 1111 1111. 


111111111111 


111111111110 


111111111101 


1000סס oo0001 


1000סס ooסס oo 


011111111111 


011111111110 


OOODסס oo 0011 


סס ooסס oo0010 


סס ooסס oo0001 


סס ooסס ooסס oo 


FS 
-2 
1 
~-2 
t.- 
2 
S 


2 
FS2-1 


ANALOG INPUT VOLTAGE IN LSBs 


.-AX'.- 
MAX174' 
MX574A 
MX674A 


REFOUT 


.•.••AX •.•.•• 


MAXI74' 
MX574A 
MX674A 


REFIN 


loon 


Rl 
OFFSET 


ANALOG 
{±5V 
t 


INPUTS 
±10V 


III 
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Bipolar Input Operation 


The Bipolar transfer function 
is shown in Figure 14, and 
input connections 
are shown in Figure 15. One or both 
of the trimmers can be exchanged 
with a 50Q ±1 % fixed 
resistor if the offset and gain specifications 
suffice. 


Offset and Full-Scale 
Adjustment 


To begin bipolar calibration, a signal1/2LSB 
above nega- 
tive full-scale 
is applied. 
R1 is trimmed 
until the digital 
output 
flickers 
between 
0000 
0000 
0000 
and 
000000000001. 
Next, a signal 3/2LSB below positive 
full scale is applied. 
Then, R2 is trimmed until the output 
flickers between 
1111 1111 1110 and 1111 1111 1111. 


PART 
PIN-PACKAGE 
LINEARITY 
TEMPCO 
(LSBs) 
(ppmf'C) 


8~s Maximum 
Conversion 
Time 


TEMP. RANGE: 
-40'C to +8S'C 


MAX174AEPI 
28 Plastic DIP 
1/2 
19 


MAX174BEPI 
28 Plastic DIP 
1/2 
38 


MAX174CEPI 
28 Plastic DIP 
1 
75 


MAX174AEWI 
28 Wide SO 
1/2 
19 


MAX174BEWI 
28 Wide SO 
1/2 
38 


MAX174CEWI 
28 Wide SO 
1 
75 


TEMP. RANGE: 
-SS'C to +12S'C 


MAX174AMJI 
28CERDIP 
3/4 
12 


MAX174BMJI 
28CERDIP 
3/4 
25 


MAX174CMJI 
28CERDIP 
1 
50 


lS~s Maximum 
Conversion 
Time 


TEMP. RANGE: 
O'Cto 
+70'C 


MX674AJN 
28 Plastic DIP 
1 
50 


MX674AKN 
28 Plastic DIP 
1/2 
27 


MX674ALN 
28 Plastic DIP 
1/2 
10 


MX674AJCWI 
28 Wide SO 
1 
50 


MX674AKCWI 
28 Wide SO 
1/2 
27 


MX674ALCWI 
28 Wide SO 
1/2 
10 


MX674AK/D 
Dice" 
1/2 
-- 


TEMP, RANGE: 
-40'C to +8S'C 


MX674AJEPI 
28 Plastic DIP 
1 
75 


MX674AKEPI 
28 Plastic DIP 
1/2 
38 


MX674ALEPI 
28 Plastic DIP 
1/2 
19 


MX674AJEWI 
28 Wide SO 
1 
75 


MX674AKEWI 
28 Wide SO 
1/2 
38 


MX674ALEWI 
28 Wide SO 
1/2 
19 


TEMP, RANGE: 
-SS'C to +12S'C 


MX674ASO 
28CERDIP' 
1 
50 


MX674ATO 
28CERDIP' 
3/4 
25 


MX674AUO 
28CERDIP' 
3/4 
12 


PART 
PIN-PACKAGE 
LINEARITY 
TEMP CO 


(LSBs) 
(ppmf'C) 


lS~s 
Maximum 
Conversion 
Time 


TEMP. RANGE: 
-SS'C to +12S'C 


MX674ASD 
28 Ceramic SB 
1 
50 


MX674ATD 
28 Ceramic 
SB 
3/4 
25 


MX674AUD 
28 Ceramic 
SB 
3/4 
12 


2S~s Maximum 
Conversion 
Time 


TEMP. RANGE: 
O'Cto 
+70'C 


MX574AJN 
28 Plastic DIP 
1 
50 


MX574AKN 
28 Plastic DIP 
1/2 
27 


MX574ALN 
28 Plastic DIP 
1/2 
10 


MX574AJCWI 
28 Wide SO 
1 
50 


MX574AKCWI 
28 Wide SO 
1/2 
27 


MX574ALCWI 
28 Wide SO 
1/2 
10 


MX574AJP 
28 PLCC 
1 
50 


MX574AKP 
28 PLCC 
1/2 
27 


MX574ALP 
28 PLCC 
1/2 
10 


MX574AK/D 
Dice" 
1/2 
-- 


TEMP. RANGE: 
-40'C to +8S'C 


MX574AJEPI 
28 Plastic DIP 
1 
75 


MX574AKEPI 
28 Plastic DIP 
1/2 
38 


MX574ALEPI 
28 Plastic DIP 
1/2 
19 


MX574AJEWI 
28 Wide SO 
1 
75 


MX574AKEWI 
28 Wide SO 
1/2 
38 


MX574ALEWI 
28 Wide SO 
1/2 
19 


TEMP. RANGE: 
-SS'C to +12S'C 


MX574ASO 
28CERDIP' 
1 
50 


MX574ATO 
28CERDIP' 
3/4 
25 


MX574AUO 
28CERDIP' 
3/4 
12 


MX574ASD 
28 Ceramic SB 
1 
50 


MX574ATD 
28 Ceramic SB 
3/4 
25 


MX574AUD 
28 Ceramic SB 
3/4 
12 


, 
Maxim reserves the right to ship Ceramic SB in lieu of CERDIP 
packages . 
•• Consult factory for dice specifications. 
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12·8;t AID Converters 


__ 
Pin Configurations (continued} 


TOP VIEW 


I~ 
I~ 
lil 
0 
~ 
5 
c; 
0 


R/C 
CE 


Vcc 


RJC 
09 
REF OUT 


CE 
08 
0.159" 


Vcc 
.;MAXI.;M 
07 
(4.039mm) 


REFOUT 
MAX174 
06 
I 


AGND 


MX574A 


AGNO 
MX674A 
05 


REFIN 
04 
REFIN 


VEE 
03 
VEE 


tt 
z 
z 


~ 
:5 
c; 
1:': 
~ ~ ~ 
a; 


PLCC 


ADVANCE 
INFORMATION 


First Page of Data Sheet in Preparation 
~III~JXI~III 


Serial-Outputl 
12-8it 250kS/S ADC 


_______ 
General Description 


The MAX176 complete, CMOS, 12-bit sampling analog-to- 
digital converter combines speed and accuracy with a cost 
and space saving serial interface. A high-speed track-and- 
hold (T/H) and successive 
approximation 
NO provide a 
3.5/olsconversion time and a tested 250kHz sampling rate. 
An on-chip reference provides low drift performance 
over 
the full temperature range. 


Supply and reference decoupling 
capacitors 
are the only 
external components 
required. 
The CLOCK input can be 
driven from an external clock source such as a divided- 
down microprocessor 
clock. 
The MAX176 works with 
+5V and -12V or -15V supply voltages, typically dissipat- 
ing only 144mW. 


The MAX176 
is designed 
to work with serial /olPand 
general-purpose 
serial-to-parallel 
converters such as the 
74HC595. 
It also communicates 
with digital-signal 
pro- 


cessors 
such 
as the 
TMS32020, 
TMS320C25, 
NEC 
/olPD7720or the DSP5600 via a three-wire serial interface. 


__________ 
Applications 


Isolated Industrial Data Acquisition 


Telecommunication 


Digital-Signal 
Processing 
(DSP) 


Sonar/Radar 
Signal Processing 


Vaa 


Vss 


4 
GNO 


CONVST 


CLOCK 


• 
12-Bit Resolution and Linearity 


• 
Internal Track-and-Hold 
• 
3.5/olsConversion, 
O.4/olsAcquisition 
Time 


• 
DC and Dynamically 
Tested 
• 
±5V Bipolar Input Range 
• 
Three-State 
Serial Output 


• 
On-Chip Reference 
• 
Low Power (144mW Typ) 
• 
Easy to Opto- or Transformer-Isolate 


______ 
Ordering Information 


PART 
TEMP. RANGE 
PIN-PACKAGE 
ERROR 
(LSBs) 


MAX176ACPA 
O'C ta +70'C 
8 Plastic DIP 
±1/2 


MAX176BCPA 
O'C ta +70"C 
8 Plastic DIP 
±1 


MAX176ACWE 
O'C ta +70'C 
16 Wide SO 
±1/2 


MAX176BCWE 
O'C ta +70'C 
16 Wide SO 
±1 


MAX 176BC/D 
O'C ta +70'C 
Dice' 
±1 


MAX176AEPA 
-40"C ta +85'C 
8 Plastic DIP 
±1/2 


MAX176BEPA 
-40"C ta +85'C 
8 Plastic DIP 
±1 


MAX176AEWE 
-40'C ta +85'C 
16W,de 
SO 
±1/2 


MAX176BEWE 
-40'C ta +85'C 
16Wide 
SO 
±1 


MAX176AMJA 
-55"C ta +125'C 
8 CERDIP 
±1/2 


MAX176BMJA 
-55'C ta +125'C 
8 CERDIP 
±1 


, Cantact factory for dice specifications. 
_______ 
Pin Configurations 


• Pins6. 7andS 
must be connected 
together as close to 
the package as 
possible. 


Vss 


N.C 


N.C 


CONVST 


CLOCK 


N.C 


N.C . 


______ 
General Description 


The MAX178 is a complete, 
calibrated 
12-bit AID con- 


verter (ADC) which 
includes 
a precision 
voltage 
refer- 


ence, 
track-and-hold, 
and conversion 
clock. 
Internal 


calibration 
circuitry 
maintains 
true 
12-bit performance 


over the full operating temperature 
range without external 
adjustments. 
In addition, 
each conversion 
includes 
an 


auto-zero 
cycle 
which 
reduces 
zero errors to typically 


below 100!!V. 


CHIP SELECT, READ, and WRITE inputs are included for 
easy microprocessor 
interfacing without additional logic. 


2-byte, 
12-bit conversion 
data Js provided 
over an 8-bit 
three-state 
output 
bus. 
Either byte may be read first. 


Two 
converter 
busy 
flags 
facilitate 
polling 
of the 


converter's 
status. 


The MAX178's 
analog 
input range 
is OV to +5V when 


using a +5V reference. 
The MAX178A's 
internal refer- 


ence accuracy 
is ±O.3%, while the MAX178B is intended 
for use with an external reference. 


Digital-Signal 
Processing 


Audio and Telecom Processing 


High-Speed 
Data Acquisition 


High-Accuracy 
Process Control 


VDD 


Vss 


REFOUT 


elK 


BUSY 


BYSl 


Vcc 
WR 
cs 


RD 


DBO(lSBI 


DB1 


DB2 


~~I~JXI~~I 
Calibrated 12·8it ADC 


with T/H and Reference 


____________ 
Features 


• 
Continuous Transparent 
Calibration 
of Offset 


and Gain 


• 
True 12-Bit Performance 
without Adjustments 


• 
T/H Front End and Internal Reference 


• 
DC and Dynamically 
Specified 


• 
Zero Error Typically <1DO!!V 


• 
Standard Microprocessor 
Interface 


• 
24-Pin DIP and Wide SO Packages 
______ 
Ordering Information 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MAX178ACNG 
O'C to +70'C 
24 Plastic DIP 


MAX178BCNG 
O'Cto 
+70'C 
24 Plastic DIP 


MAX 178ACWG 
O'Cto 
+70'C 
24 Wide SO' 


MAX178BCWG 
O'C to 
+70'C 
24 Wide SO' 


MAX 178AENG 
AO'C to 
+8S'C 
24 
Plastic DIP 


MAX178BENG 
-40'C to 
+8S'C 
24 Plastic DIP 


MAX178AEWG 
-40'C to 
+8S'C 
24 WideSO' 


MAX178BEWG 
-40'C to 
+8S'C 
24 Wide SO' 


MAX178AMRG 
-SS'C to 
+ 12S'C 
24 CERDIP 


MAX178BMRG 
-SS'C to + 12S'C 
24 CERDIP 


.••"'I .••J X 1.••"'I 
Maximlntegrated 
Products 7-99 


""'AXI"'" 
is a registered 
trademark 
of Maxim Integrated 
Products. 


- 


Calibrated 12·8it ADC 
with T/H and Reference 


ABSOLUTE MAXIMUM RATINGS 


VDDto DGND 
Vssto DGND 
AGND to DGND 
vcc to DGND 
REFIN to AGND 
AIN toAGND 
Digital Input Voltage to DGND 
.....•...•. 


Digital Output Voltage to DGND 


1.000mW 
10mW/C 


-65·C to + 150·C 


+300"C 


Operating 
Temperature 
Range 
MAX178_C 
. 


MAX 178_E 
MAX178_M 
. 


Power Dissipation 
(any Package) 
To +75·C 
. 


Derate above +75·C by 


Storage Temperature 
Lead Temperature 
(Soldering, 
10 sec.) 


·0.3V, +17V 


+0.3V, -7V 


-03V, 
REFIN +0.3V 
-0.3V, +7V 


-0.3V, Voo +0.3V 
-0.3V, Voo +0.3V 
-0.3V, VDO+0.3V 
-0.3V, VDO+0.3V 


O·C to +70·C 


-40·C to +85"C 


-55·C to + 125·C 


Stresses 
beyond 
those listed under 
-Absolute 
Maximum 
Ratings· 
may cause permanent 
damage 
to the device. 
These are stress ratings 
only, and functional 


operation 
of the device 
at these or any other conditions 
beyond 
those im;ticated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
raring conditions 
for extended 
periods 
may affect deVIce reliability. 


ELECTRICAL CHARACTERISTICS 


(VDD = + 15V, Vcc = +5V, Vss = -5V, REFIN = +5.OV, all specifications TA = TMINto TMAX.fCLK= 266.67kHz external, unless otherwise 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


ACCURACY 


Resolution 
12 
Bits 


Total Unadjusted 
Error (Note 1) 
TUE 
±1 
LSB 


Differential Nonlinearity 
DNL 
No missing codes guaranteed 
±1 
LSB 


Full-Scale Error (Gain Error) 
TA = +25"C 
±1/2 
LSB 


Full-Scale Error Tempco 
0.5 
ppmrC 


Zero Error 
TA = +25·C 
±1/2 
LSB 


Zero Error Tempco 
0.5 
ppmrC 


ANALOG 
INPUT 


Input Voltage Range 
VREF= +5V 
0 
+5 
V 


On-Channel 
Input Capacitance 
CAIN 
8 
pF 


AIN = OV to +5V: 
Input Leakage Current 
lAIN 
TA = +25·C 
10 
nA 
TA = TMIN to TMAX 
100 


DYNAMIC 
ACCURACY 
(f WR = 14.81 kHz, fAIN = 2.011 kHz, TA = 25"C, Note 2) 


Signal-to-Noise 
+ Distortion 
S/(N + D) 
70 
dB 


Total Harmonic Distortion 
THO 
-80 
dB 


Peak Harmonic 
or 
-80 
dB 
Spurious Noise 


REFERENCE 
INPUT 


For specified 
performance 
+5±5% 


REFIN Range 
VREFIN 
Degraded 
transfer accuracy 


V 
+4 
+6 


REFIN Input Current 
REFIN = +5V 
1.0 
mA 


REFERENCE 
OUTPUT 


MAX178A 


REFOUT Voltage 
TA = +25·C 
+4.985 
+5 
+5.015 
V 


REFOUT Temp (C·) 
+10 
+40 
ppmrC 


REFOUT Sink Current 
1 
mA 


MAX178B 


Use External Reference Only 


Calibrated 12·8it ADC 


with 7tH and Reference 


ELECTRICAL CHARACTERISTIC 
(continued) 


(Voo = + 15V, Vcc = +5V, Vss = -5V, REFIN = +5.0V, all specifications TA = TMINto TMAX,fCLK = 266.67kHz external, unless otherwise noted.) 


PARAMETER 
SYMBOL 
I 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


LOGIC INPUTS 


Ro, CS, WR, BYSL 


Input High Voltage 
VIH 
VCC = +5V ±5% 
+2.4 
V 


Input Low Voltage 
VIL 
VCC = +5V±5% 
+0.8 
V 


VIN = 0 to VCC: 
Input Current 
IIN 
TA = +25·C 
±1 
I!A 


TA = TMIN to TMAX 
±10 


Input Capacitance 
CIN 
(Note 3) 
10 
pF 


CLOCK 


Input High Voltage 
VIH 
VCC = +5V ±5% 
+3.0 
V 


Input Low Voltage 
VIL 
VCC = +5V±5% 
+08 
V 


Input High Current 
IIH 
VCC = +5V±5% 
15 
mA 


Input Low Current 
IlL 
VCC = +5V±5% 
1.2 
mA 


LOGIC OUTPUTS 


oBO-oB7, 
BUSY 


Output High Voltage 
VOH 
Vcc = +5V ±5%, 
ISOURCE= 200J.lA 
+4.0 
V 


Output Low Voltage 
VOL 
VCC = +5V ±5%, 
ISINK = 1.6mA 
+0.4 
V 


Floating State Leakage 
ILKG 
VOUT = OV to VCC 
±1 
I!A 
Current (oBO-oB7) 


Floating State Output 
COUT 
(Note 3) 
15 
pF 
Capacitance 
(oBO-oB7) 


CONVERSION 
TIME (Note 4) 


With External Clock 
fCLK = 266.67kHz 
60 
I 
J.lS 


With Internal Clock 
TA = +25·C 
90 
140 
I 
I!S 


POWER REQUIREMENTS 
(Note 5) 


VDO 
+11.4 
+15.75 


Power-Supply 
Voltage 
VSS 
-4.75 
-5.25 
V 


VCC 
+475 
+5.25 


Voo Supply Rejection 
VOD = + 14.25V to + 15.75V, VSS = -5V 
+1/8 
LSB 


VSS Supply Rejection 
VSS = -4.75V to -5.25V, Voo = + 15V 
±1/8 
LSB 


Voo Supply Rejection 
VOO = +ll.4V 
to +12.6V, VSS = -5V 
±1/8 
LSB 


VSS Supply Rejection 
VSS = -4.75V to -5.25V, Voo = + 12V 
±1/8 
LSB 


100 
VIN = VIL or VIH 
6 
10 


Power-Supply 
Current 
ISS 
8 
mA 


Icc 
0.1 
1.0 


Note 1: 
Includes: 
Full-Scale Error, Offset Error, Relative Accuracy. 
Note 2: 
Up to 5th Harmonic 
is measured. 
Note 3: 
Guaranteed 
by design. 
Note 4: 
Track/Hold 
aquisition 
time included 
in conversion 
time, using 1u conditiolliee 
Timing Characteristics). 
Note 5: 
Power'supply 
current is measured 
when MAX178 is inactive (CS = WR = Ro = BUSY = High). 


Calibrated 12·8it ADC 
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TIMING CHARACTERISTICS 
(Note 6, Figures 1 and 2) 


(VDD; 
+ 15V, Vcc; 
+5V, Vss; 
-5V, REFIN; 
+5.0V, unless otherwise 
noted.) 


TA= +2S'C 
TA = -40'C to +8S'C 
TA = ·SS·C to +12S'C 


PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


CS to WR Setup Time 
t1 
D 
0 
0 
ns 


WR Pulse Width 
t2 
120 
120 
120 
ns 


CS to WR Hold Time 
t3 
0 
0 
0 
ns 


WRto 
BUSY 
t4 
85 
120 
100 
140 
115 
160 
ns 
Propagation 
Delay 


BUSY to CS Setup Time 
t5 
(Note 3) 
D 
0 
0 
ns 


CS to RD Setup Time 
t6 
0 
0 
0 
ns 


RD Pulse Width 
t7 
120 
120 
120 
ns 


CS to RD Hold Time 
t8 
0 
0 
0 
ns 


BYSl to RD Setup Time 
t9 
50 
50 
50 
ns 


BYSl 
to RD Hold Time 
tlO 
0 
0 
0 
ns 


RD to Valid Data (Note 7) 
t11 
(Bus Access 
60 
100 
70 
110 
90 
130 
ns 
Time) 


RD to Three-State 
Output 
t12 
(Bus Relinquish 
20 
100 
20 
100 
20 
100 
ns 
(Note 8) 
Time) 


WR to ClK 
for 
16 Clock 
113 
20 
20 
20 
ns 
Conversions 
(Note 9) 


WR to ClK 
for 
17 Clock 
t14 
20 
20 
20 
ns 
Conversions 
(Note 9) 


Note 6: 


Note 7: 
Note 8: 
Note 9: 


Data is timed from VOH,VOL; all input control signals are timed from a voltage level of + 1.6V and specified 
with t,; 
tf ; 
20ns 


(10% to 90% of +5V). 
t11,the time required 
for an output to cross 0.8V or 2AV, is measured 
with the load circuits of Figure 3. 


t12,the time required for the data lines to change 
0.5V, is measured 
with the load circuits of Figure 4. 
See Figure 7. 


cs 
\ 
1 


oo:===~-"t-4(-'=i-":_13~- 
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PIN 
NAME 
FUNCTION 


1 
CAZ 
Auto-Zero Capacitor 
Input. 
Connect 
other end of capacitor 
to AGND. 


2 
AIN 
Analog Input 


3 
N.C. ' 
No Connect 


4 
REFIN 
Voltage Reference Input. The 
MAX178 is specified 
with REFIN; 


+5V. 


5 
AGND 
Analog Ground 


6 
DGND 
Digital Ground 


7 
VCC 
Logic Supply. 
Digital inputs and 
outputs are TTL compatible 
for 
VCC; 
+5V. 


8-15 
DBO-DB7 
Three-State 
Data Outputs. 
Active 


when CS and RD are brought 
low. 


Individual 
pin functions 
depend 
upon 
BYTE SELECT (BYSL) input. 


DATA BUS OUTPUT, 
CS, RD = LOW 


PIN 
BYSL= 
HIGH 
BYSL= 
LOW 


8 
BUSY (Note 10) 
DB7 


9 
LOW (Note 11) 
DB6 


10 
LOW (Note 11) 
DB5 


11 
LOW (Note 11) 
DB4 


12 
DBll 
(MSB) 
DB3 


13 
DB10 
DB2 


14 
DB9 
DBl 


15 
DB8 
DBO(LSB) 


PIN 
NAME 
FUNCTION 


16 
RD 
READ Input. 
Used with CS to enable 


the three-state 
data outputs. 
RD is 
active low. 


17 
CS 
CHIP SELECT Input. 
Used with either 


RD or WR for control. 
CS is active low. 


18 
WR 
WRITE Input. 
In combination 
with CS, 


this active low signal starts a new 
conversion. 


19 
BYSL 
BYTE SELECT 
BYSL selects high- or 


low-byte ou~t 
during a data READ 


operation. 
(RD, CS ; low). 
See pins 


8-15. 


20 
BUSY 
Converter 
Status. 
BUSY is only low 


during conversion. 


21 
CLK 
CLOCK Input. Internal clock opera- 
tion, with this pin floating 
and 
unloaded, 
typically 
results in 12011S 
conversion 
time (Figure 8). This can 


be lowered by using an external 74HC 
clock source (Figure 9). 


22 
REFOUT 
Reference Output 


23 
VSS 
Negative 
Supply Voltage, -5V 


24 
VOO 
Positive Supply Voltage, 
+ 15V 


Note 10: 


Note 11: 


High during a conversion, 
BUSY is a converter 
status 


flag. 
When BYSL is high, pins 9-11 output a logic low. 
The 


12-bit digital result is in DBO-DBll. 
DBll 
is the MSB. 


Calibrated 12·8it ADC 
with T/H and Reference 


Detailed 
Operation 
Operating Information 


Figure 5 shows an operational diagram for the MAX178. The 
only required passive components 
are a hold capacitor 
(CAZ) and a reference bypass capacitor and resistor. Indi- 
vidual pin functions are listed in the Pin Description table. 


On-Chip Clock Operation 


The on-chip oscillator 
requires no external components. 


Therefore, the ClK 
pin can be left unconnected 
resulting 
in a typical 
120~s conversion 
time. 
The conversion time 
can be increased by adding a capacitive 
load on the ClK 
pin. 
The timing diagrams 
in Figures 6 and 7 show the 
resulting tracking duration for relative positions of WR and 
ClK. 
Figure 8 is a schematic for on-chip clock operation. 


A new conversion 
is initiated by bringing WR low, with CS 


low. 
This starts a track acquisition 
sequence. 
In this 
state, 
the T/H goes 
into track 
mode. 
Capacitor 
CAZ 


charges to the analog input voltage minus the input offset 
voltage of the comparator. 
Note: when WRJ§low (with CS 
low), the MAX182 is in track mode. When WR goes high, 
tracking time is extended 
by another 4 to 5 clock periods 


(4 clock periods beginning with the first falling clock edge 
following the rising edge of WR). 16 to 17 clock periods 
are required for each conversion 
(Figure 7). 


OBN I 


3k= 


+5V 


3k~ 


OBN--y- I l00pF 


= 
OGNO 
f 
100pF 


OBN ~I~3-k --f- 
1OpF 


OGNO 


+5V 


3k~ 


OBN-t I 10pF 


= OGNO 


The MAX178 is in track mode between conversions 
when 
BUSY is high. After the tracking 
sequence, 
the most 
significant 
bit (MSB) decision is made. Following this, the 
remaining 
11 bits are digitized 
on~ccessive 
clock cy- 
cles, as indicated 
in Figure 6. The WR pulse need not be 
synchronized 
with the internal clock. 


Extemal Clock Operation 


For external clock operation, 
drive the ClK 
input with a 
74HC compatible 
clock source (Figure 9). 


The MAX178 automatically 
tracks forthe~ropriate 
time 
by means of an on-chip counter. 
~oth WR and CS must 
be low to initiate a new conversion. 
Whenever 
WR and 
CS are low, the chip enters into track mode until WR or 
CS rises. After the rising edge of WR, the next falling edge 
of the clock starts a counter, which extends the tracking 
time by 4 to 5 external clock periods. 


The analog input acquisition 
is complete at the end of the 
tracking 
period, 
and the signal is stored in the internal 
track-and-hold. 
The external clock source need not be 
synchronized 
with the WR pulse. 


Reading Data 


The 12-bit result of a conversion plus the converter status 
flag are accessible 
over an 8-bit data bus. 
The data is 
available 
from the MAX178 in right-justified 
format (the 
least significant 
bit (lSB) 
is the right-most 
bit in a 16-bit 
word). Two byte sized read operations 
are needed. The 
Byte Select (BYSl) 
input determines 
which byte is to be 
read first, 8lSBs 
or 4MSBs plus status flag. 


It is necessary to wait for the end of a conversion to obtain 
valid 12-bit data from the MAX178's successive 
approx- 


CAl. 
4.7nF 


ANALOGINPUT} 'IH 
1 


OVTO+5V, 
2 
R~~E:~~g 1: 3 


+5.0V 
10 F 
4 


5 
6 


7 


8 


9 


10 
11 
12 


CAl..NUJXIAII 
VDD 24 +15V 


AIN 
MAX178 
Vss 
23 -5V 


N.C. 
REFOUT 22 


REFIN 
ClK 
21 


AGNO 
IT 
20 
STATUS 


~~O 
B~ 
~;} t;~:::: 


BUSYlOB7 
~ 
16 
INPUTS 


0/086 
RO 


01OB5 
OB8/DBO 15} 


0lOB4 
OB91OB1 14 


OB111OB3 
OB10/0B2 
13 
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DBl 
DB6 
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DB4 
DB3 
DB2 
DBl 
DBO 


(MSB) 
(lSB) 


Figure 6. 
MAX178 
Timing Diagram 


imation register (SAR). 
If a read operation 
instruction 
is 
performed 
during a conversion, 
the MAX178 will dump 
the existing contents of the SAR onto the data bus. There 
are three 
methods to ensure correct operation: 


1. Insert a software delay longer than the ADC con- 
version time between the conversion start and the 
data read operations. 


2. The BUSY output is low during the conversion and 


high at the conversion 
end. 
Use this signal as an 


interrupt to the ~P. 


3. 
Poll the converter 
status flag, BUSY, at user-de- 
fined intervals after a conversion start. The status 
flag is available on DB7 during a high-byte 
READ. 


The flag is the left-most 
bit and can be shifted 
directly 
into the ~P's carry flag for testing. 
BUSY 
is high during a conversion. 


A write operation 
to the MAX178 during 
a conversion 


restarts the conversion. 


ClK 


\VR----' ~ 
TRACKING --lMSB 
,; 


~ 
DECISION 


\VR~ 
TRACKING -------I--IMSB 


DECISION 


Figure 
7. 
Width of Tracking Interval as a Function of WR Rising 
Edge Timing with Respect to eLK Falling Edge 


/~I/JXI/~I 


________ 
Application 
Hints 


Auto-Zero Capacitor (CAZ} 


CAl 
(Figure 
5) must be a low-leakage, 
low-dielectric 
absorption 
capacitor 
such 
as polypropylene, 
polysty- 
rene, or teflon. 
Connect the outside foil of CAl 
to AGND 
to minimize noise. 
CAl 
should be 4,700pF. 


Clock 


Figure 10 shows typical conversion 
time versus temper- 
ature when using the MAX178's on-chip 
clock. 
Due to 
variations 
in manufacturing, 
the actual 
operating 
fre- 
quency 
can differ from chip-to-chip 
by up to 20%. 
For 
this reason, it is suggested 
that an external clock be used 
when fixed conversion 
times are required. 


Analog Inputs 


The high-impedance 
analog 
input, AIN, allows simple 
analog interfacing. 
Signal sources from OV to +5V may 
~ 


be connected 
directly to AIN without extra buffering 
for 
~ 


source impedances 
up to 5kn (Figure 11). The input/out- 


put (I/O) transfer characteristic 
and transition 
points for 
this input signal range are demonstrated 
in Figure 12 and 


Table 1. The MAX178 transfer characteristic 
has transi- 
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tion points 
designed 
to occur 
on integer 
multiples 
of 
1LSB. The output code is natural binary with: 


1LSB = (Full Scale (FS))/4096 
= (5/4096)V = 1.22mV. 


For signal 
ranges 
other than OV to +5V, use resistor 
divider 
networks to provide 
OV to +5V signal ranges at 


the MAX178 
input 
pins. The connection 
in Figure 
13 


shows a divider network for a OV to + 10V signal range. 
Resistors should be of the same type and manufacturer 
to ensure matched temperature 
coefficients. 
The source 


impedance 
must now be as low as possible since it adds 


to the resistor divider impedance. 


Figure 
14 shows 
how bipolar 
signals 
-5V to +5V are 


accommodated 
by referencing 
the resistor divider 
net- 


work to REFIN. The signal source 
must be capable 
of 


74HC 
21 
CLK 
COMPATIBLE 
CLOCK SOURCE 
.••••AXJ .•••• 


MAX118 
1 


105 


~ 
104 


~ 
103 
;=za 
~ 
102 
>z8 
101 


100 


-55 
-25 


sinking 0.5mA with the resistor values shown. 
Refer to 


Figure 15 and Table 2 for the I/O transfer characteristic 
and transition points for this signal range. Output coding 
is offset binary with an LSB size of: 


(FS)(1/4096) = (10/4096)V = 2A4mV. 


To adjust bipolar zero error, apply 1.22mV (+ 1/2LSB) to 
AIN and adjust the offset of A1 so that the ADC output 
switches between 100000000000 
and 100000000001. 


Power-Supply Decoupling 


Power supplies to the MAX178 should be bypassed 
with 
either a 10IlF electrolytic 
or tantulum capacitor 
in parallel 


with a 0.0111F disc ceramic 
capacitor 
for clean, 
high- 
frequency 
performance. 
Place all capacitors 
as close as 


possible to the MAX178 supply pins. 


11 ...111 


11...110 


~ 


11...101 


::>a 
~ 
00.011 
'" 
<5 


00 ...010 


FS = 5V 


00.001 
1LSB = FS/4096 


00 ..000 


OV 
1LSB 
2LSB 
3LSB·· 
. FS - 2LSB 
FS - 1LSB 


ANALOG INPUT 


Internal Reference 


The internal 
reference 
(REFOUT) should 
be bypassed 
with a Hl resistor in series with a capacitor. 
The capac- 


itor should be a 10llF electrolytic 
or tantalum in parallel 
with a O.01IlF disc ceramic (Figure 16). Figure 17 shows 
a circuit that allows input adjustment 
which is useful for 
trimming out initial (room temperature) 
error in the refer- 


ence voltage. 


Table 1. Transition 
Points 
for Unipolar 
OV to 


+SV Operation 


Analog 
Input (V) 
Digital Output 
_. 


0.00122 
0000 0000 0001 
000244 
0000 0000 0010 
... 
... 


249878 
0111 1111 1111 
2.50000 
1000 0000 0000 
250122 
10000000 
0001 
... 
. .. 


4.99756 
1111 11111110 
4.99878 
111111111111 


Table 2. Transition 
Points for Bipolar 
-SV to 


+SV Operation 


Analog 
Input (V) 
Digital Output 


-4.99878 
0000סס oo 
0001 
-4.99634סס oo 
0000 0010 
... 
... 


-0.00122 
1000 0000 0000 
+000122 
1000 0000 0001 
... 
... 


+4.99389 
1111 1111 1110 
+4.99634 
1111 1111 1111 
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External Reference Circuit 


Figure 18 shows how to set up a MX584LH to generate 
a reference voltage of 5.00V. A typical adjustment 
range 
of 75mV is provided 
by R2. 
Over the commercial 
tem- 
perature range, the MX584LH 
contributes 
no more than 
±1 LSB of gain error. 


During a conversion, 
transient currents flow at the REFIN 
input. 
To prevent 
dynamic 
errors, place either a 10llF 


electrolytic 
or tantalum 
smoothing 
capacitor 
in parallel 
with a O.01IlF disc ceramic from the REFIN pin to AGND. 
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Layout 


When designing 
layout for a printed circuit board, keep 
digital and analog signal lines separated 
whenever pos- 


sible. 
It is critical that no digital line runs alongside 
an 
analog signal line or near the CAl. 
Guard the analog 
inputs, the reference input and the CAl 
input with AGND. 


Establish a single-point 
analog ground (AGND) as close 
to the MAX178 as possible, 
isolated from the logic sys- 


tem. 
Connect 
the single-point 
analog 
ground 
to the 
digital system ground, which is attached to DGND at one 
point, as close as possible to the MAX 178. The following 
should be returned to the analog ground point: input-sig- 
nal common, 
input guards, 
the CAl, 
and any bypass 
capacitors 
for the reference 
input and the analog sup- 
plies. 
Low-impedance 
analog and digital power-supply 


common returns, with wide trace widths. are essential for 
quiet operation 
of the MAX178. 


111 ..111 


111 ..110 


100 010 


100 001 


100 
000 


011 
111 


011 
110 


000...001 


000.000 


ov 


ANALOG INPUT 


.•.•.•AX •._ 


MAX178 


4 
22 
In 
- 
REFIN 
REFOUT 


lO~FpO. 


Figure 
16. 
Internal Reference 
Hookup. 


Note: Reference 
Value Is Not Adjustable. 


Noise 


To minimize input noise coupling, 
input signal leads to 
AIN and signal return leads from AGND 
should be kept 
as short as possible. 
A shielded 
cable between source 
and ADC is suggested 
in applications 
where longer leads 
are required. 
Also, care 
should 
be taken 
to reduce 
ground 
circuit 
impedances 
as much as possible 
since 
any potential 
difference 
in grounds 
between 
the signal 
source and ADC creates an error voltage 
in series with 
the input signal. 


When 
interfacing 
to continuously 
busy 
and 
noisy /lP 
buses, it is possible to get errors at the LSB level. These 
errors exist because 
of feedthrough 
from the bus to the 
integrated circuit through the package. 
The problem can 
be minimized 
in ceramic 
packaged 
chips by grounding 
the metal lid. 
Another solution is to isolate the MAX178 
from the noisy /lP bus using three-state 
buffers. 


AI~~t~G:t 
lOon 


10k 


24 


Voo 


REFIN 
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0.160" 


(4.064 
mm) 
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Complete, S-Channel, 12-8it 


Data-Acquisition Systems 


_______ 
General Description 


The MAX180/MAX181 are complete 12-bit Data Acquisition 
System (DAS) which 
combine 
8/6-channel 
input multi- 


plexer, 
high 
bandwidth 
Track-and-Hold 
(T/H) , low-drift 
zener reference. and flexible microprocessor 
(~P) interface 


with high conversion speed and low power consumption. 
The MAX180/MAX181 
can be configured 
by a IlP for 
unipolar or bipolar conversions and single-ended or differ- 
ential inputs. Both devices sample and digitize at 100kHz 
throughput rate and feature a fast 8- or 16-bit ~P interface. 


The MAX180 has8 analog input channels. while the MAX181 
has 6. The multiplexer output of the MAX180 is fed directly 
into the Analog-to-Digital 
Converter 
(ADC) 
input. 
The 
MAX181 brings out both the multiplexer output and ADC input 
to separate pins, allowing a programmable gain amplifier to 
be inserted between the MUX and the ADC. 


The systems allow the user to choose between an internal 
or an external reference. 
Futhermore, the internal refer- 
ence value and the offset can be adjusted, 
allowing the 


overall system gain and offset errors to be nulled. 
The 
multiplexer 
has high impedance 
inputs, simplifying 
ana- 


log drive requirements. 


High-Speed 
Servo Loops 


Digital-Signal 
Processing 


High-Accuracy 
Process Control 


Automatic Testing Systems 


AlNO 
AlNl 
AIN2 
AIN3 
AIN4 
AIN5 
AIN6' 
AINl' 


REFOUT 


REFADJ 


REFIN 


• 
12-Bit Resolution, ±1/2LSB Linearity 


• 
8-Channel 
Multiplexed 
Inputs (MAX180) 


• 
Single-Ended 
1-of-6 Multiplexer 
(MAX181) 


• 
Built-In Track-and-Hold 


• 
100kHz Sampling Rate 


• 
DC and Dynamically 
Tested 


• 
Internal 25ppmrC 
Voltage Reference 


• 
Each Channel Configurable 
for Unipolar (OV to 
+5V) or Bipolar (-2.5V to +2.5V) Input Range 


• 
Each Channel Configurable 
for Single-Ended 
or 


Differential 
Inputs 


• 
Fast 8-/16-Bit ~P Interface 


• 
+5V and ·12V to -15V Supply Operation 


• 
110mW Power Consumption 


PART 
TEMP. RANGE 
PIN-PACKAGE 
ERROR 
(LSBs) 


MAX180ACPL 
O'Cto +70'C 
40 Plastic DIP 
±1/2 


MAX180BCPL 
O'Cto +70"C 
40 PlasticDIP 
±1 


MAX180CCPL 
O'Cto +70'C 
40 Plastic DIP 
±1 


MAX180ACOH 
O'Cto +70'C 
44 PLCC 
±1/2 


MAX180BCOH 
O'Cto +70'C 
44 PLCC 
±1 


AINO 


AINl 
2 


AIN2 
3 


AIN3 
• 


AIN4 
5 


AIN5 


(MUXOUTj" 
AIN6' 


(ADCIN)" 
AINl' 


REFIN 


AGND 
10 


REFOUT 
" 


REFADJ 
12 


OFFADJ 
13 


MODE 
14 


Vss 
Dl1 
Dl0 
" 
09 
18 
08 
19 


• 
MAX180 
ONLY 
DGND 
20 


•• 
MAX181 
ONLY 


/III/J XI/III 
Maxim Integrated 
Products 
7-111 


.•••••••, .•••J X ,.••••••• 
, is a registeredtrademark of MaximIntegrated Products. 


Complete, S-Channel, 12-8it 
Data-Acquisition Systems 


ABSOLUTE MAXIMUM RATINGS 
Voo to DGND 
. -0.3V, + 7V 
Continuous 
Power Dissipation 
(any package) 
VSS to DGND 
. 
-D.3V, -17V 
to +70·C . 


AGND to DGND 
. 
-0.3V, Voo + 0.3V 
derates above + 70·C by . 


AIN _, MUXOUT, ADCIN, REFADJ, 
Operating 
Temperature 
Ranges: 


OFFADJto 
REFIN 
-0.3V,Voo+0.3V 
MAX18_C 
__ 
, 
O·Cto +70·C 
REFIN to DGND 
. 
. . . . . . . . . . . 
+0.3V, VSS - 0.3V 
MAX18 _E __ 
. 
-40·C to +85·C 
CS, WR, RD, CLK, A2-AO, 
MAX18 _MJL 
. 
-55·C to +125·C 


BIP, DIFF, HBEN to DGND 
-0.3V, Voo + 0.3V 
Storage Temperature 
Range 
-65·C to + 160·C 
BUSY, 00-011 
to DGND 
. 
-0.3V, Voo + 0.3V 
Lead Temperature 
(soldering, 
10 sec) . . 
+300·C 


Stresses 
beyond 
those listed under 
-Absolute 
Maximum 
Ratings· 
may cause 
permanent 
damage 
to the device. 
These are stress ratings only, and functional 
operation 
of the device at these 
or any other conditions 
beyond 
those indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL CHARACTERISTICS 


(Voo ; +5V ±5%, Vss ; -12V ±5% or -15V ±5%, REFIN ; -5V, Internal Reference 
Mode, Bipolar Mode, Slow-Memory 
Mode (see text), 


fCLK; 
16MHz 
external, 
MAX180/MAX181 
all grades, TA; 
TMIN to TMAX, unless otherwise 
noted.) (Note 1) 


PARAMETER 
SYMBOL 
CONDITIONS 
[ 
MIN 
TYP 
MAX T UNITS 


ACCURACY 
(Note 2) 


Resolution 
N 
12 
Bits 


Integral Nonlinearity 
Error 
INL 
MAX18 
A 
+1/2 
LSB 
MAX18 
B/C 
+1 


Differential Nonlinearity 
Error 
DNL 
Guaranteed 
monotonic 
over temperature 
+1 
LSB 


Unipolar Offset Error (Note 3) 
±1 
+4 
LSB 


Bipolar Offset Error (Note 3) 
±1 
±6 
LSB 


Unipolar Gain Error 
+2 
±10 
LSB 


Bipolar Gain Errror 
+2 
+15 
LSB 


Gain-Error Tempco (Note 4) 
+5 
pprn!"C 


Channel-to-Channel 
Matching 
+1/4 
LSB 


DYNAMIC 
PERFORMANCE 
(Note 2) 


Signal-to-Noise 
+ 
SINAD 
10kHz input signal, 100kHz sampling 
rate, 
70 
dB 
Distortion 
Ratio 
bipolar mode, TA; 
+25·C 


Total Harmonic 
Distortion 
THO 
10kHz input signal, 100kHz sampling 
rate, 
-80 
dB 
(up to the 5th harmonic) 
bipolar mode, TA; 
+25·C 


Spurious-Free 
Dynamic 
Range 
SFDR 
10kHz input signal, 100kHz sampling 
rate, 
80 
dB 
bipolar mode, TA; 
+25·C 


Full-Power Sampling 
Bandwidth 
In track mode, under-sampled 
waveform 
6 
MHz 


Track-and-Hold 
Acquisition 
tACO 
1875 
I.lS 
Time (Note 5) 


Asynchronous 
hold mode 
I Note 5 
7.500 
8.125 
Conversion 
Time 
tCONV 
ROM, Slow-Memory, 
and I/O Port Modes; 
I.lS 


15-16 clock cycles 
9.375 
10.000 


ANALOG 
INPUT 


VoltaQe RanQe 
AIN 
,MUXOUT, 
and ADCIN 
REFIN 
Voo 


Unipolar, Sinale-Ended 
Ranae 
AIN 
toAGND 
0 
5.0 


Unipolar, Differential 
RanQe 
AIN 
+ toAIN 
- 
0 
5.0 
V 


Bipolar, SinQle-Ended 
RanQe 
AIN 
toAGND 
-2.5 
2.5 


Bipolar, Differential 
Ranae 
AIN 
+ toAIN 
- 
-2.5 
2.5 


Complete, a-Channel, 12-8it 
Data-Acquisition Systems 


ELECTRICAL CHARACTERISTICS 
(continued) 
I: 


(VDD = +5V ±5%, Vss = -12V ±5% or -15V ±5%, REFIN = -5V, Internal Reference 
Mode, Bipolar Mode, Slow-Memory 
Mode (see text), 
~ 


fClK = 1.6MHz external, 
MAX180/MAX181 
all grades, TA = TMIN to TMAX, unless otherwise 
noted.) (Note 1) 
•• 
)< 
•••• 
Q) 


~ 
E 
)< 
•••• 
Q) 
•••• 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


ANALOG 
INPUT (continued) 


Input Current 
AIN 
MAX180 
+1.0 
llA 
ADCIN, 
MAX181 
±O.l 


Mux-On Resistance 
RON 
AIN 
= 2.5V, IMUXOUT= 1.25mA, MAX181 
2 
kQ 


Mux-On Leakage Current 
ION 
AIN 
= MUXOUT = +5V, 
MAX181 
+100 
nA 


Mux-Off Leakage 
Current 
IIN (OFF' 
AIN 
= +5V, VOUT = ±5V, 
MAX181 
±100 
nA 


lOUT 'OFF' 
AIN 
= +5V, VOUT = +5V, 
MAX181 
±100 


Input Capacitance 
(Note 5) 
CIN 
AIN 
,ADCIN 
25 
35 
pF 
MUXOUT 
35 
45 


REFERENCE 
INPUT 


Input Range (Note 5) 
-4.92 
-5.00 
-5.08 
V 


Input Current 
-2 
mA 


Input Resistance 
2.5 
kQ 


REFERENCE 
OUTPUT 


VREF Output Voltage 
TA = +25"C 
-4.98 
-500 
-5.02 
V 


VREF Output Tempco (Note 6) 
MAX18 
NB 
25 
ppml"C 


MAX18 
C 
45 


VREF Load Reaulation 
(Note 7) 
lOUT = OmA to 5mA, TA = +25"C. 
0.2 
10 
mV/mA 


REFADJ, OFFADJ 


Input Current 
VREFADJ,VOFFADJ= VDD to REFIN 
+1 
llA 


Disable Threshold 
4.5 
V 


REFADJ Adjustment 
Range 
REFIN < REFADJ <AGND 
+60 
+80 
mV 


OFFADJ Adjustment 
Range 
REFIN < OFFADJ <AGND 
+15 
±25 
LSB 


lOGIC 
INPUTS 


Input Low Voltage 
Vil 
MODE 
05 
V 


CS, RD, WR, CLK, A2-AO, DIFF, BIP, HBEN 
0.8 


Input High Voltage 
VIH 
MODE 
4.5 
V 


CS, RD, WR, CLK, A2-AO, DIFF, BIP, HBEN 
2.4 


Input Mid-Level Voltage 
VMID 
MODE 
1.5 
3.5 
V 


Input Float/nq Voltaqe 
VFLT 
MODE 
2.5 
V 


MODE 
TA = +25"C 
+50 
±100 


Input Current 
IIN 
TA = TMIN to TMAX 
+50 
+100 
llA 


CS, RD, WR, CLK, A2-AO, 
TA - +25"C 
+1 
DIFF, BIP, HBEN 
TA = TMIN to TMAX 
+10 


Input Capacitance 
(Note 5) 
CIN 
15 
pF 


lOGIC 
OUTPUTS 


Output Low Voltaae 
VOL 
011-00, 
BUSY, ROY, ISINK = 1.6mA 
0.4 
V 


Output Hiqh Voltage 
VOH 
011-00, 
BUSY, ROY, ISOURCE= 36011A 
40 
V 


Floatina State Leakaae Current 
ILKG 
011-00, 
VOUT = OV to VDD 
±1O 
llA 


Floating State Output 
COUT 
15 
pF 
Capacitance 
(Note 5) 


Complete, S-Channel, 12-8it 
Data-Acquisition Systems 


•• 
ELECTRICAL CHARACTERISTICS 
(continued) 


CO 
(Voo: 
+5V ±5%, Vss : -12V ±5% or -15V ±5%, REFIN : -5V, Internal Reference 
Mode, Bipolar Mode, Slow-Memory 
Mode (see text), 


•• 
ICLK: 
1,6MHz external, 
MAX180/MAX181 
all grades, TA: 
TMIN to TMAX, unless otherwise 
noted.) (Note 1) 
)<i 
~ 
CO•• 
)< 


~ 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


POWER REQUIREMENTS 


Supply Voltage (Note 1) 
VOO 
4.75 
5.00 
5.25 
V 


VSS 
-11.40 
-15.75 


Supply Current 
100 
Voo: 
5V 
45 
7.0 
mA 
Iss 
VSS: 
-12V 
7.0 
10.0 


Power Dissipation 
PD 
Voo: 
5V, VSS: 
-15V 
110 
155 
mW 


Input near FS, VSS : -12V, 
±1/2 
±1 
Voo: 
4.75V to 5.25V 
Power-Supply 
Rejection, 
PSR 
Input near FS, Voo : 5V, 
±1/8 
±1/2 
LSB 
with Internal Reference 
VSS: 
-14.25V to -15.75V 


Input near FS, Voo : 5V, 
±1/8 
±1/2 
VSS: 
-ll.4V 
to: 
-12.6V 


TIMING CHARACTERISTICS 


(Voo: 
+5V, Vss: 
-12V, fCLK: 
1.6MHz, Internal Reference Mode, TA: 
TMINto TMAX,unless otherwise noted.) 
(Note 8) 


PARAMETER 
SYMBOL 
CONDITIONS 
TA: 
+2S"C 
MAX18_C/E 
MAX18_M 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


CS to RD Setup time 
t1 
Note 5 
0 
0 
0 
ns 


CS to RD Hold time 
t2 
0 
0 
0 
ns 


CS to WR Setup time 
t:3 
0 
0 
0 
ns 


CS to WR Hold time 
t4 
I Note 5 
0 
0 
0 
ns 


WR Low Pulse Width 
ts 
120 
120 
120 
ns 


WR High Pulse Width 
t6 
MODE: 
0 
Note 5 
200 
200 
200 
ns 
orl 


DATA IN to WR Setup Time 
t7 
80 
100 
120 
ns 


DATA IN to WR Hold Time 
t8 
0 
0 
0 
ns 


WR Rising to BUSY Delay 
t9 
CL : 50pF, MODE: 
1 
160 
180 
200 
ns 


WR Falling to BUSY Delay 
tlO 
CL : 50pF, MODE: 
open 
220 
260 
280 
ns 


RD Low Pulse Width 
t11 
100 
130 
150 
ns 


RD Hiah Pulse Width 
t12 
I Note 5 
200 
200 
200 
ns 


DATA IN to RD Setup Time 
t13 
80 
100 
120 
ns 


DATA IN to RD Hold Time 
t14 
0 
0 
0 
ns 


RD to BUSY Fall Delay 
t1S 
CL: 
50pF 
150 
170 
200 
ns 


~to 
Data out Valid 
t16 
CL: 
100pF 
Note 9 
50 
100 
130 
150 
ns 


RD to Data out Three-State 
t17 
Notes 9, 10 
30 
50 
65 
75 
ns 


HBEN to RD or WR Setup Time 
t18 
80 
100 
120 
ns 


HBEN to RD or WR Hold Time 
119 
0 
0 
0 
ns 


CS to READY Fall Delay 
120 
CL: 
50pF 
110 
130 
150 
ns 


Complete, B-Channel, 12-8it 


Data-Acquisition Systems 


TIMING CHARACTERISTICS 
(continued) 


(Voo = +5V, Vss = -12V, feLK = 16MHz, Internal Reference Mode, TA = TMINto TMAX,unless otherwise noted.) (Note 8) 


PARAMETER 
SYMBOL 
CONDITIONS 
TA = +25·C 
MAX18_C/E 
MAX18_M 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


BUSY to Data Out Valid 
t21 
CL = 100pF 
Note 9 
125 
150 
170 
ns 


CS, RD, or WR to CLK 
Setup time for 15 clock 
t22 
Note 5 
220 
220 
220 
ns 


conversion 


CS, RD, or WR to CLK 
Setup time for 16 clock 
t23 
Note 5 
0 
0 
0 
ns 


conversion 


Note 1: 
Performance 
at power-supply 
tolerance 
limits guaranteed 
by power-supply 
rejection test. 


Note 2: 
Voo = +5V, VSS = -15V, FS = +5V, REFIN = -5V. 


Note 3: 
Typical change 
over temperature 
is ±1LSB. 


Note 4: 
FS Tempco 
= tiFS/!>.T,where !>.FSis full-scale 
change 
from TA = +25·C to TMIN or to TMAX. 


Note 5: 
Guaranteed 
by design. 


Note 6: 
REFIN TC = !>.REFIN/!>.T,where !>.REFINis reference 
voltage change from TA = +25·C to TMIN or to TMAX 


Note 7: 
Load current should remain constant during conversion. 
This current is in addition 
to the DAC input current. 


Note 8: 
All inputs are OV to +5V swing with tr = tf = 5ns (10% to 90% of 5V) and timed from a voltage 
level of + 1.6V. 


Note 9: 
t16 and 121are measured with the load circuits of Figure 1 and defined as the time required for an output to cross 0.8V or 2.4V. 


Note 10: t17 is defined 
as the time required 
for the data lines to change 
0.5V when the circuit load is as shown in Figure 2. 


NAME 
MAX180 
MAX181 
FUNCTION 
DIP 
PLCC 
DIP 
PLCC 


AINO-AIN5 
1-6 
2-7 
1-6 
2-7 
Analog Inputs to the mux: OV to +5V unipolar, -2.5V to 
+2.5V bipolar 


AIN6-AIN7 
7,8 
8,9 
Analog Inputs to the mux: OV to +5V unipolar, -2.5V to 
+2.5V bipolar 


MUXOUT 
7 
8 
Muliplexer 
Output 


ADCIN 
8 
9 
Analoq Input to track-and-hold 


REFIN 
9 
10 
9 
10 
Reference 
Input 


AGND 
10 
11 
10 
11 
Analoq Ground 


REFOUT 
11 
13 
11 
13 
-5V Reference 
Output 


REFADJ 
12 
14 
12 
14 
-5V Reference Adiust. Connect to Voo if not required. 


OFFADJ 
13 
15 
13 
15 
Offset Adiust. 
Connect to Vnn if not reauired. 


MODE 
14 
16 
14 
16 
Interface Mode Select pin. 


V"s, 
15 
17 
15 
17 
Neaative 
Suoolv: -15Vor 
-12V 


D11-D8 
16-19 
18-21 
16-19 
18-21 
Three-State 
Data Outputs, 
MSB = D11 


DGND 
20 
22 
20 
22 
Diaital Ground 


D7-DO 
21-28 
24-31 
21-28 
24-31 
Three-State 
Data Outputs, 
LSB = DO 


CLKIN 
29 
32 
29 
32 
Clock Input, nUCMOS 
compatible 


HBEN 
30 
33 
30 
33 
Hiah-Bvte 
Enable Input 


RD 
31 
35 
31 
35 
READ Input 


WR 
32 
36 
32 
36 
WRITE Input (MODE = 1 or Open) READY Output (MODE = Ol 


CS 
33 
37 
33 
37 
CHIP-SELECT 
Input 


BUSY 
34 
38 
34 
38 
BUSY Output 
DIFF 
35 
39 
35 
39 
Sinqle-Ended 
Mode: DIFF = 0, 
Differential 
Mode: DIFF = 1 
BIP 
36 
40 
36 
40 
Unipolar Mode: BIP = 0, 
Bipolar Mode: BIP = 1 
AO-A2 
37-39 
41-43 
37-39 
41-43 
Multiplexer 
Channel Address 
Input: A2 - MSB, AO - LSB 


VOO 
40 
44 
40 
44 
Positive Supplv: +5V Input (substrate 
connected 
to Vnn) 


N.C. 
1,12, 
1,12, 
No Connect. 
No internal connection. 
Leave pin open or 
23,34 
23,34 
connect 
to AGND. 
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_____ 
A/D Converter 
Operation 


The MAX180/MAX 181 use successive 
approximation 
and 
input track-and-hold 
(T/H) circuitry 
to convert an analog 
signal to a series of 12-bit digital output codes. The control 
logic interfaces easily to uPs, requiring only a few passive 
components 
for most applications. 
The T/H does 
not 
require an external capacitor. 
Figure 3 shows the MAX180 
typical operating 
circuit. 


Starting a Conversion 


Regardless 
of the mode or interface selected, the follow- 
ing sequence 
occurs once conversion 
is started: 


1. 
The data inputs that configure 
the data-acquisition 
system (DAS) latch, and the interface signals the J.lP. 
that a conversion 
has started. 


2. 
The mux directs the selected 
input signal to the T/H 


input. 


3. 
A fixed time delay allows the T/H to acquire the signal. 
In all modes except asynchronous 
hold, this delay is 
3 clock cycles. In asynchronous 
hold, the J.lPcontrols 
this delay. 


4. 
The T/H switches 
to hold 
mode. 
The T/H output 
delivers 
a stable, single-ended 
sample of the input 


signal to the AID input. 


5. 
The successive 
approximation 
cycle 
begins. 
The 
ADC 
tests 
and 
sets 
each 
of the 
12 bits 
in turn, 
from most to least significant. 
Bit decisions 
occur 
on the CLKIN falling 
edges, 
for a total of 12 clock 
cycles. 


6. 
Output 
data is latched 
by the output registers, 
and 
the interface signals the J.lPthat conversion 
is com- 
plete and data is available. 


+5V 


" 
~ 
3k 


DN 
D~ 
TI" 
I'" 
= 
DGND = 
= 
DGND 


Figure 2 Load Circuits for Bus-Relinquish 
Time 
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~ 


S.E CHO 
AI NO 
REFOUT 


AINl 
REFIN 


S.E. CHl 


~AXI~ 
Y 
DlFF. CH2+ 
AIN2 
MAX/80 


DlFF. CH2- 
AIN3 
CLKIN 
29 


HBEN 
30 


MODE 
14 


DlFF. CH3+ 
AIN4 


CS 
33 


RD 
31 


DIFF. CH3- 
AIN5 
Wi! 
32 


BUSY 


34 


DIFF. CH4+ 
AIN6 


DlFF 
35 


BIP 
36 


DlFF. CH4- 
AIN7 
16.,,19,21 
2B 
DATA 
DO-D11 
LINES 


AD 
37 


3B 


39 


-15V 
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Analog Input· Traclc·and·Hold 


Figure 4 shows the equivalent input circuit, illustrating the 
sampling 
architecture 
of the ADC's analog comparator. 
The input capacitance 
acts as the hold capacitor 
and is 
charged 
by the input signal with every AID conversion. 
The capacitance 
is charged 
through 
an internal 
1kn 
resistor in series with the input. Note: Figure 4's switches 
represents 
both the mux and hold switches. 


When in single-ended 
input mode and between conver- 
sions (BUSY 
= High), the selected 
analog input is con- 


nected 
to the 
hold 
capacitor 
(track 
mode). 
When 
a 
conversion 
starts, CHOLD disconnects 
from the + T/H 
input, 
thus sampling 
the input 
(see "Digital 
Interface" 
section for percise T/H timing). When the switch closes 
at conversion 
end, CHOLD reconnects 
to the input and 
charges 
to the input signal. 
The loading 
effect 
of the 
analog inputs on the signal is such that a high-speed input 
buffer is usually NOT needed because the ADC disconnects 
from the input during the actual conversion. 


The previous explanation 
applies for the differential 
input 
mode if "input' is replaced 
by AIN+ and 'analog ground' 


is replaced 
by AIN-. In the differential 
input mode, AO-A2 
select the input channel pairs (Table 1). Only the signal 
side of the input channel 
is held by the T/H; the return 
side must remain stable within ±O.5LSB (±0.1 LSB for best 
results) during the conversion. 
For example, a common- 
mode signal of 0.33Vp-p 
at 60Hz results in a maximum 
error of 0.5LSB. 


The T/H starts tracking 
when the ADC 
is deselected 
(BUSY = High). Hold mode begins 3 clock cycles after a 
conversion 
is initiated 
in all but the Asynchronous 
Hold 
Mode. Variation in hold-mode 
delay from one conversion 
tothe next (aperture jitter) is less than 100ps. Figures 7-11 
detail the T/H and interface timing for the various interface 
modes. 


The time required for the T/H to acquire an input signal is 
a function 
of how 
quickly 
the 
input 
capacitance 
is 
charged. 
If the 
input 
source 
impedance 
is high, 
the 
acquisition 
time lengthens 
and more time must be al- 
lowed between 
conversions. 
Acquisition 
time is calcu- 
lated by: 


tACO = 10(Rs + RIN)20pF (but never less than 1.875~s) 


where RIN = 1kn, and RS= source impedance 
of the input 
signal. 


Input Bandwidth 


The AID's input tracking circuitry is excellent for tracking 
large signals and wide bandwidths 
and does not exhibit 
the slew-rate 
limitations 
of many other ADC T/Hs. The 
MAX180/MAX181 
T/H's full-power 
bandwidth 
is typically 


6MHz; this allows the measurement 
of periodic 
signals 
with 
bandwidths 
exceeding 
the 
ADC's 
sample 
rate 


(100kHz) 
using 
under-sampling 
techniques. 
Important 
note: 
If under-sampling 
is used to measure 
high-fre- 


quency signals, take special care to avoid aliasing errors. 
Without 
adequate 
input filtering, 
high-frequency 
noise 


could be aliased into the measurement 
band. 


Reference 


The MAX180/MAX181 
operate 
with either the internal 
reference 
or an external -5V reference. 
In both cases, 


REFIN must be bypassed 
to AGND with a 47~F electro- 
lytic capacitor 
in parallel with a 0.1 ~F ceramic 
capacitor 
to minimize noise and maintain a low impedance 
at high 
frequencies. 
REFIN is connected 
directly to the internal 
DAC, and the current load varies between OmA and 1mA 
during conversion. 


Internal Reference 


The internal 
reference 
is buffered 
through 
an amplifier 
whose 
output 
connects 
to REFOUT. 
To operate 
the 
MAX180/MAX181 
with the internal 
reference, 
connect 
REFIN to REFOUT. Do not connect a resistor between the 
bypass capacitors 
and REFIN. The reference 
buffer am- 
plifier can sink 5mA for external loads. Adjust the refer- 
ence output at REFADJ (Figure 14). 


External Reference 


With a -5V external 
reference, 
bypass 
REFIN to AGND 
with a 47~F electrolytic 
capacitor 
in parallel with a 0.1~F 
ceramic 
capacitor. 
The reference 
source 
impedance 
must be less than O.2n and must be able to sink the 
internal DAC load of 1mA. Connect 
REFOUT to VSS and 
REFADJ to VDD to prevent noise. If REFIN is driven above 
AGND 
during 
power 
sequencing, 
latchup 
can occur. 


Connect 
a Schottky 
clamp 
diode 
(IN5817) 
to prevent 
REFIN from substantially 
exceeding 
AGND. 
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+ 
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Figure 5. Multiplexer 
channel configuration 


7-118 


STATUS 
OUPUT 


} 
CONTROL 
INPUTS 


Complete, B-Channel, 12-8it 


Data-Acquisition 
Systems 


HBEN 


cs 


ViR 


RD 
111 


BUSY 


DATA IN 


DATA OUT 


HOLD 
116 


TRACK 


&I 


Complete, 8-Channel, 12-8it 
Data-Acquisition Systems 


3 eLK I-- 


T~~~~----------------1------- ~ 
~ 


HBEN ---i 
_ 


--I-Ita 
cs 


Complete, a-Channel, 12-8it 
Data-Acquisition Systems 


HBENi 


118 
cs 


Complete, S-Channel, 12-8it 
Data-Acquisition Systems 


Complete, S-Channel, 12-8it 


Data-Acquisition Systems 


_ 


_ 


122i=3- 


123 
{;S,RD,or WI!'_ 


----- 


122" 22on5: 
Con..,rsion lakes15 dod<s 
123" ons: 
Con..,rsion lakes16 dod<s 


, AWI!rising edgestartsa con..,rsion in InpuVOulputPort Mode (Figure 7a, 7b) 


Figure 
11. 
CS, RD, or WR to eLK Setup and Hold Time for 
Synchronous 
Operation 


________ 
Digita' Interface 


Input/Output Port Mode (MODE = 1] 


In this mode, data inputs and outputs 
are usually con- 


nected together 
(Figure 6), and the IlP writes the config- 
uration 
data 
to the DAS internal 
register 
with a write 


instruction 
(Figure 7). This starts a conversion, 
as indi- 


cated 
by the high-to-Iow 
transition 
of BUSY. The mux 


connects 
the selected 
input channel 
to the T/H, which 


acquires the signal during the first 3 clock cycles. On the 
falling 
edge of the 3rd clock, 
the T/H switches 
to hold 
mode, 
and the A/D conversion 
starts. 
15 clock 
cycles 


after WR goes high, BUSY goes high, and the conversion 
result latches into three-state 
output buffers. The IlP can 


then access the conversion 
result with a read instruction. 


For 16-bit bus operation, 
HBEN = 0, and the 12-bit result 


is read directly. For 8-bit bus operation, 
HBEN = 0 during 


the conversion, 
and the read instruction 
returns the 8 
LSBs. A second 
read with HBEN = 1 returns the 4 MSBs 
in the low nibble. Note: In any mode, HBEN = 1 disables 
conversion 
start. 


The DAS internal register is 5 bits wide: 3 bits for the analog- 
channel 
address, 
1 bit for single-ended/differential 
mux 


operation, and 1 bit for unipolar/bipolar 
AID operation, 


Slow Memory Mode (MODE = 0] 


The DAS appears 
to the IlP as memory 
or as a slow 
peripheral 
in memory 
mode. 
The 5 configuration 
bits 
can be preset 
by an external 
data 
latch, 
a decoded 
device 
address, 
or any external 
selection 
logic. 
A 


read instruction initiates a conversion 
as shown in Figure 


8. In this mode, the WR input 
functions 
as the 
ROY 


output 
anQjJoes 
low when CS goes low. 
BUSY goes 
low after RD goes low, indicating 
the beginning 
of a 
signal 
acquisition 
cycle, 
and 
can be used 
to place 


the 
IlP 
into 
a wait 
state. 
When 
the 
conversion 
is 


complete, 
BUSY releases 
the IlP from its wait state, 


The IlP can then access 
the conversion 
result with a 


read instruction. 
For 16-bit bus operation, 
HBEN = 0, 


and 
the 
12-bit 
result 
is read 
directly. 
For 8-bit 
bus 


operation, 
HBEN = 0 during 
the conversion, 
and the 


read 
instruction 
returns 
the 8 LSBs. A second 
read 
with HBEN = 1 returns 
the 4 MSBs in the low nibble. 


Note: 
In any mode, 
HBEN 
= 1 disables 
conversion 


start. 


ROM Mode, Parallel Read (MODE = 0] 


ROM mode avoids 
using IlP wait states. A conversion 


starts with a read instruction, 
and the 12 data bits from 


the previous 
conversion 
appear 
at 011-00. 
The data 


from the first read in a sequence 
is often disregarded 
when ROM mode is used. A second 
read accesses 
the 


results of the first conversion 
and starts a new conver- 


sion. 
The time 
between 
successive 
reads 
must 
be 


longer than the conversion 
time of the MAX 180/MAX 181 


(Figure 9a, 16-bit bus). 


ROM Mode, 2·Byfe Read (MODE = 0] 


As in memory mode, only 07-00 
are used for a 2-byte 


read. 
A conversion 
starts with a read instruction 
when 


HBEN is low. At this point, the data outputs contain the 8 
LSBs from the previous conversion. 
Two more read op- 


erations are needed to access the conversion 
result. The 


first, with HBEN high, accesses the 4 MSBs with 4 leading 
zeros. The second 
read, with HBEN low, outputs the 8 


LSBs and starts a new conversion. 
Figure 9b (8-bit bus) 


details this mode. 


Asynchronous Hold Mode (MODE = Open] 


Asynchronous 
hold mode is helpful when a precise 
or 


repeatable 
sample 
timing 
is required. 
Asynchronous 


hold 
is very similar 
to the I/O port mode, 
except 
two 


write 
instructions 
are 
required. 
The first 
write, 
with 


HBEN = 1, configures 
the MAX180/MAX181 
and con- 


nects the selected 
channel to the T/H input; the second 


write, with HBEN = 0, places the T/H into hold and starts 
the conversion. 
In other words, 
the three-clock 
cycle 


delay for T/H acquisition 
can be changed 
by controlling 


when the second 
write instruction 
occurs. 
The falling 


edge of the second 
WR pulse places the T/H into hold 


(Figure 
10). 
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EJdernal Clock 


The range for the external clock duty cycle 
is between 
20% and 80%. A precise square wave is not required. 


Clock and Control Synchronization 


For best 
analog 
performance, 
the MAX180/MAX181 
clock 
should 
be synchronized 
to the Ro, WR, and CS 
inputs 
(Figure 
11) with 
at 
least 
100ns 
separating 
convert 
start from the nearest 
clock 
edge. 
This syn- 
chronization 
ensures 
that transitions 
at CLKIN are not 
coupled 
to the analog 
input and sampled 
by the T/H. 


The 
magnitude 
of 
this 
feedthrough 
is only 
a few 
millivolts. 
If CLKIN and convert 
start (CS, WR and Ro) 
are 
asynchronous, 
frequency 
components 
caused 
by mixing 
of the clock 
and 
convert 
signals 
can 
in- 
crease 
the apparent 
input 
noise. 


When the clock 
and convert 
signals are synchronized, 


small end-point 
errors (offset and full-scale) are the most 
that can be generated 
by clock feedthrough, 
but even 
these errors are eliminated 
by ensuring that the start of a 
conversion 
(Ro or WR and CS falling 
edge) 
does not 
occur within 1OOnsof a clock transition (Figure 11). 


Output Data Format 


The 12 data bits can be output either in full parallel or as 
two 8-bit by1es. Table 2 shows the data-bus output format. 
To obtain parallel output for 16-bit J.l.PS, HBEN is tied low. 
Note: The output data, 011-00, 
is right-justified 
(i.e. DO, 


the LSB, is the right-most 
bit in the 16-bit word). 


A two-byte 
read 
makes 
use of outputs 
07-00. 
Byte 
selection 
is controlled 
by HBEN, which multiplexes 
the 
data outputs. When HBEN is low, the lower 8 bits appear 
at the data outputs. 
When HBEN is high, the upper 
4 
bits appear 
at 00-03 
with the 
leading 
4 bits 
low in 


locations 
04-07. 
Note: 
The 4 MSBs always appear 
at 
011-08 
when the outputs 
are enabled, 
regardless 
of 
the state of HBEN. 


_______ 
Application Hints 


Initialization After Power-Up 


In some applications, 
power is removed 
from the AoC 
during 
periods 
of inactivity 
to conserve 
power. 
This is 
increasingly 
common 
in battery-powered 
systems. 
To 
initialize 
the MAX180/MAX181 
at power-up, 
execute 
a 
read operation 
with HBEN low, ignoring 
the data out- 


puts. 


MinimizingSystem·lnduced Noise 


The 
MAX180/MAX181 
are 
insensitive 
to most 
noise 
sources, 
especially 
when 
the 
layout, 
bypass, 
and 
grounding 
recommendations 
are followed. 
The following 
practices 
should also be considered: 


1. 
Minimize digital activity during conversion, especially 
activity that is asynchronous with the MAX180/MAX181 
clock. 


2. 
Avoid 
data-bus 
activity 
within ±20ns 
of the CLKIN 
falling edge. 


If the data bus connected 
to the AoC is active during a 
conversion, 
coupling 
from the data 
pins 
to the AoC 
comparator 
can cause errors. Using slow-memory 
mode 
avoids 
this problem 
by placing 
the J.l.P in a wait state 
during the conversion. 
In ROM mode, the bus should be 
isolated from the AoC using three-state drivers if the data 
bus is active during the conversion. 


In ROM mode, the AOC generates 
considerable 
digital 
noise when Ro or CS go high and the output data drivers 
are disabled 
after conversion 
start. This noise can affect 
the AoC comparator 
and cause large errors if it coincides 
with the SAR latching a comparator 
decision. To prevent 
this, Ro and CS should be active for less than one clock 
cycle. If this is not possible, 
Ro or CS should go high on 
a rising edge of CLKIN because the comparator 
output 
is latched on the falling edge of CLKIN. 


DIP Pint 
Pin 16 
Pin 17 
Pin 18 
Pin 19 
Pin 21 
Pin 22 
Pin 23 
Pin 24 
Pin 25 
Pin 26 
Pin 27 
Pin 28 


Pin Label· 
011 
010 
09 
08 
07 
06 
05 
04 
03 
02 
01 
DO 


HBEN 
LOW·· 
011 
010 
09 
08 
07 
06 
05 
04 
03 
02 
01 
DO 


HBEN 
HIGW· 
011 
010 
09 
08 
LOW 
LOW 
LOW 
LOW 
011 
010 
09 
08 
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Layout, Grounding, Bypassing 


Use printed circuit boards for best system performance; 
wire-wrap 
boards are not recommended. 
The board lay- 
out should ensure that digital- and analog-signal 
lines are 
separated 
as much as possible. 
Do not run analog and 
digital (especially 
clock) lines parallel to one another or 
digital lines underneath 
the ADC package. 


Figure 12a shows the recommended 
system-ground 
con- 
nections. A single-point 
analog STAR ground should be 
established 
at AGND, separate from the logic ground. All 
other analog grounds 
and DGND should be connected 
to this STAR ground, and no other digital system grounds 
should be connected 
here. For noise-free operation, 
the 
ground return to the power supply from this STAR ground 
should be low impedance 
and as short as possible. 


The ADC's high-speed 
comparator 
is sensitive to high- 


frequency 
noise in the VDD and VSS power 
supplies. 


These supplies should be bypassed 
to the analog STAR 
ground with 0.1 ~F and 47~F bypass capacitors. 
Minimize 
capacitor 
lead length for best supply 
noise rejection. 
If 
the 5V power supply is very noisy, connect a small (1011) 
resistor to filter the noise (Figure 12b). 


Gain and Offset Adjustment 


Figure 13 plots the nominal unipolar I/O transfer function 
of the MAX180/MAX181. 
Code transitions occur halfway 
between successive 
integer LSB values. Output coding 
for unipolar 
operation 
is natural 
binary 
with 
1LSB = 


1.22mV (5V/4096). 
Figure 
14 shows 
the bipolar-input 
transfer function, 
where output coding 
is twos-comple- 
ment. 


Vss SUPPLY 
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OUTPUT 
CODE 


FULL-SCALE 


11 


"'1 
"~"Ji 


11 . 110 
011 "'1 


11 .. 101 
011 
110 


I 
000 . 
010 
I 
I 
I 
I 
000 . . 001 


/ 
I 
FS =+SV 
000 
000 


I 
lLSB = E... 


I 
/ 
I 
111 
111 


tL 


I 
4096 


I 


111 
110 


00 
.011 
I 
111. 


00 : 
----- 


I 


I 


00 


I 
100 . 


I 


00 
I 
I 
I 
I 
100 . 


0 
1 
2 
3 
i 


FS 


-FS 


AIN 
INPUT 
VOLTAGE 
(LSBs) 
FS - 312LSB 


If offset and gain adjustments 
are not desired, 
connect 
OFFADJ and REFADJ to Voo. Figure 15's circuit provides 
±1.2% 
(±50 
LSBs) of adjustment 
range 
for gain 
and 


±O.44% (±18LSBs) of adjustment 
range for offset. 
This is 
ideal for applications 
that require gain (full-scale 
range) 
or offset adjustment. 
If the adjustment 
inputs are used, 


bypass to AGND with a 0.11lF capacitor. 
Offset should be 
adjusted 
before gain. For the OVto 5V input range, apply 


LSB (0.61mV) to the analog input, and adjust R1 so the 
digital 
output 
code changes 
between 
0000 0000 0000 
and 000000000001. 
To adjust full scale, apply FS - 1LSB 
(4.99817V), and adjust R2 until the output code changes 
between 
1111 1111 1110 and 1111 1111 1111. 
There 
may be a slight interaction 
between the adjustments. 


To adjust bipolar 
(±2.5V) offset, apply LSB (0 61mV) to 
the analog 
input, and adjust 
R1 until the output 
code 
switches between 0000 0000 0000 and 000000000001. 
For full scale, apply 
FS - 1LSB (2.49817V) to the input, 
and adjust R2 so the output code switches between 0111 
11111110 
and 0111 1111 1111 (Figure 15). There may 
be some interaction 
between 
these adjustments. 
If an 
external 
reference 
is used, adjust 
gain by varying 
the 
value of the reference instead of R2. 


______ 
Dynamic Performance 


Wide-bandwidth 
analog 
input and 
100kHz throughput 
make the MAX180/MAX181 
ideal 
for wide band-signal 
processing. 
To support these and other related applica- 
tions, fast Fourier transform 
(FFT) test techniques 
guar- 
antee the ADC's dynamic frequency response, distortion, 
and noise at the rated throughput. 
Specifically, 
this in- 
volves applying 
a low-distortion 
sine wave to the ADC 
input and recording 
the digital 
conversion 
results for a 
specified 
time. The data is then analyzed 
using an FFT 
algorithm 
that determines 
its spectral 
content. 
Conver- 


sion errors are seen as spectral elements outside of the 
fundamental 
input frequency. 


ADCs have traditionally 
been evaluated by specifications 


such as zero and full-scale 
error and integral (INL) and 
differential 
(DNL) 
nonlinearity. 
Such 
parameters 
are 
widely accepted 
for specifying 
performance 
with DC and 
slowly varying signals, but less useful in signal-process- 
ing applications 
where the ADC's impact on the system 
transfer function is the main concern. The significance 
of 
the various DC parameters 
does not translate well to the 
dynamic case, so different tests are required. 


A 


I 


I 


I 
I 


I 


Complete, 8-Channel, 12-8it 


Data-Acquisition Systems 


Signal·to·Noise Ratio and 
Effective Number of Bits 


Signal-to-noise 
ratio (SNR) is the ratio between the RMS 
amplitude 
of the fundamental 
frequency 
to the RMS am- 
plitude of all other ADC spectral components, 
excluding 
harmonics. 
The output 
band 
is limited 
to frequencies 
above DC and below one-half the ADC sample (conver- 
sion) rate. This band includes 
both distortion 
and noise 
components. 
For this reason, 
the signal-to-noise 
and 
distortion ratio (SINAD) is a better measure of the ADC's 
performance. 


The theoretical 
minimum ADC noise is caused 
by quan- 
tization error and is a direct result of the ADC's resolution: 


SNR = (602N 
+ 176)dB 


where N is the number of bits of resolution. A perfect 12-bit 
ADC can therefore do no better than 74dB. Figure 16 shows 
the 
result 
of sampling 
a pure 
10kHz 
sinusoid 
at a 
100kHz rate with the MAX180/MAX181. 
An output 
FFT 
plot 
shows 
the relative 
output 
amplitude 
at discrete 
spectral 
frequencies 
(Figure 
16). 


By transposing 
the equation that converts 
resolution 
to 
SNR, we can determine the effective resolution (effective 
number 
of bits) the ADC provides 
from the measured 
SNR: N = (SNR - 1.76)/602. 
Figure 17 shows the effective 
number of bits as a function of the input frequency 
for the 
MAX180/MAX181. 


Total Harmonic Distortion 


Total harmonic 
distortion 
(THO) is the ratio of the RMS 
sum of all the harmonics 
(in the frequency 
band above 
DC and 
below 
one-half 
the sample 
rate) to the RMS 


13 
OFFADJ 


.- 
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REFIN 
MAXI80 
MAXI81 
REFOUT 


amplitude 
of the fundamental 
frequency. 
This is ex- 
pressed as: 


THO = 20Log tev2 2 + V3 :~ 
... + VN 2] 


where V1 is the fundamental 
RMS amplitude, 
and V2 to 
VN are the amplitudes 
of the 2nd through Nth harmonics. 


Spurious·Free Dynamic Range 


Spurious-free 
dynamic range is the ratio of the fundamen- 
tal RMS amplitude 
to the amplitude 
of the next largest 
spectral 
component 
(in the frequency 
band above DC 


and below one-half the sample 
rate). Usually this peak 
occurs 
at some harmonic 
of the input frequency. 
But if 
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_ Ordering Information (continued) 
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PART 
TEMP. RANGE 
PIN·PACKAGE 
ERROR 
(LSBs) 


MAX180CCOH 
O'C to +70'C 
44 PLCC 
±1 


MAX180CC/D 
O'Cto 
+70'C 
Dice' 
±1 


MAX180AEPL 
-40'C to +85'C 
40 Plastic DIP 
±1/2 


MAX180BEPL 
-40'C to +85'C 
40 Plastic DIP 
±1 


MAX180CEPL 
-40'C to +85'C 
40 Plastic DIP 
±1 


MAX180AEOH 
-40'C to +85'C 
44 PLCC 
±1/2 


MAX180BEOH 
-40'C to +85'C 
44PLCC 
±1 


MAX180CEOH 
-40'C to +85'C 
44PLCC 
±1 


MAX180AMJL 
-55'C to +125'C 
40CERDIP" 
±1/2 


MAX180BMJL 
-55'C to + 125'C 
40CERDIP" 
±1 


MAX180CMJL 
-55'C to + 125'C 
40 CERDIP" 
+1 


MAX181ACPL 
O'C to +70'C 
40 Plastic DIP 
±1/2 


MAX181BCPL 
O'C to+70'C 
40 Plastic DIP 
±1 


MAX181CCPL 
O'C to+70'C 
40 Plastic DIP 
±1 


MAX181ACOH 
O'Cto 
+70'C 
44 PLCC 
±1/2 


MAX181BCOH 
O'C to+70'C 
44 PLCC 
±1 


MAX181CCOH 
O'Cto 
+70'C 
44 PLCC 
±1 


MAX181CC/D 
O'C to+70'C 
Dice' 
+1 


MAX181AEPL 
-40'C to +85'C 
40 Plastic DIP 
±1/2 


MAX181BEPL 
-40'C to +85'C 
40 Plastic DIP 
+1 


MAX181CEPL 
-40'C to +85'C 
40 Plastic DIP 
±1 


MAX181AEOH 
-40'C to +85'C 
44 PLCC 
±1/2 


MAX181BEOH 
-40'C to +85'C 
44 PLCC 
+1 


MAX181CEOH 
-40'C to +85'C 
44 PLCC 
±1 


MAX181AMJL 
-55'C to + 125'C 
40CERDIP" 
+1/2 


MAX181BMJL 
-55'C to + 125'C 
40CERDIP" 
±1 


MAX181CMJL 
-55'C to + 125'C 
40CERDIP" 
+1 


• 
Contact factory for dice specifications. 
•• Contact factory for availability 
and processing 
to MIL -STD-883. 
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Calibrated 4-Channel 12-8it ADC 
with T/H and Reference 


______ 
General 
Description 


The MAX182 is a complete, 
calibrated 
4-channel 
12-bit 
NO converter 
(ADC) which includes a precision voltage 
reference, 
track-and-hold, 
and conversion 
clock. 
Inter- 
nal calibration circuitry maintains true 12-bit performance 
over the full operating temperature 
range without external 
adjustments. 
In addition, each 60~s conversion includes 
an auto-zero cycle which reduces zero errors to typically 
below 100~V. 


CHIP SELECT, READ, and WRITE inputs are included for 
easy microprocessor 
interfacing without additional 
logic. 
2-byte, 
12-bit conversion 
data is provided 
over an 8-bit 
three-state 
output 
bus. 
Either byte may be read first. 


Two address bits control the 4-channel input multiplexer. 


The MAX182's 
analog 
input range 
is OV to +5V when 
using a +5V reference. 
All four high-impedance 
input 
channels 
have excellent 
matching 
(typically 
0.05 LSB). 


The MAX182A's 
internal reference 
accuracy 
is ±O.3%, 


while the MAX182B is intended 
for use with an external 


reference. 


Digital-Signal 
Processing 


Audio and Telecom Processing 


High-Speed 
Data Acquisition 


High-Accuracy 
Process Control 


Voo 


Vss 


REFOUT 


AD 


ClK 


BUSY 


BYSl 


WR 


CS 


RO 


OB5 
OBD (lSB) 


OB4 
OBl 


OB3 
OB2 
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""•.••.• 
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~""I ~J )( I ~""I 
is a registered 
trademark 
of Maxim Integrated 
Products. 


___________ 
Features 


• 
Continuous 
Transparent 
Calibration 
of Offset 
and Gain 


• 
True 12-8it Performance 
without Adjustments 
• 
T/H Front End and Internal Reference 


• 
Four High-Impedance 
Input Channels 
• 
DC and Dynamically 
Specified 
• 
Zero Error Typically 
< 1OO~V 
• 
Standard Microprocessor 
Interface 
• 
28-Pin DIP and Wide SO Packages 
______ 
Ordering Information 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MAX182ACPI 
O'C to +70'C 
28 Plastic DIP 


MAX182BCPI 
O'C to +70'C 
28 Plastic DIP 


MAX 182ACWI 
O'C to +70'C 
28 Wide SO' 


MAX182BCWI 
O'C to +70'C 
28 Wide SO' 


MAX182BC/D 
O'C to +70'C 
Dice" 


MAX182AEPI 
-40'C to +85'C 
28 Plastic DIP 


MAX182BEPI 
-40'C to +85'C 
28 Plastic DIP 


MAX182AEWI 
-40'C to +85'C 
28 Wide SO' 


MAX182BEWI 
-40'C to +85'C 
28 Wide SO' 


MAX182AMJI 
-55'C to + 125'C 
28 CERDIP' 


MAX182BMJI 
-55'C to + 125'C 
28 CERDIP' 


• 
Consult factory . 


•• Consult factory for dice specifications 
_______ 
Functional 
Diagram 
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Power Dissipation 
(any Package) 


To +75'C 
. 


Derate above +75'C by 
Operating 
Temperature 
Ranges: 


MAX182_C 
.....................•. 
O'C to +70'C 


MAX182_E 
. . 
-40'C to +85'C 
MAX182_M. 
-55'C to +125'C 
Storage Temperature 
-65'C to +150'C 
Lead Temperature 
(Soldering, 
10 sec.) 
+300'C 


Stresses 
beyond 
those listed under 
"Absolute 
Maximum 
Ratings· 
may cause 
permanent 
damage 
to the device. 
These are stress ratings 
only, and functional 
operation 
of the device 
at these or any other conditions 
beyond 
those indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating conditions 
for extended 
periods 
may affect device 
reliability. 


ELECTRICAL CHARACTERISTICS 


-0.3V, +17V 
+0.3V, -7V 


-0.3V, REFIN +0.3V 
-0.3V, +7V 


-0.3V, VDD+0.3V 
-0.3V, VDD+0.3V 
-0.3V, VDD+0.3V 
-0.3V, VDD+0.3V 


VDDto DGND 
Vssto DGND 
AGND to DGND 
. 


Vcc to DGND 
REFIN to AGND 
AIN toAGND 
Digital Input Voltage to DGND 
. 


Digital Output Voltage to DGND 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


ACCURACY 


Resolution 
12 
Bits 


Total Unadjusted 
Error (Note 1) 
TUE 
AINO-AIN3 
±1 
LSB 


Differential Nonlinearity 
DNL 
No missing codes guaranteed 
±1 
LSB 


Full-Scale Error (Gain Error) 
AINO-AIN3 
ITA 
= +25'C 
±1/2 
LSB 


Full-Scale Tempco 
05 
ppmf'C 


Zero Error 
AINO-AIN3 
ITA 
= +25'C 
±1/2 
LSB 


Zero Tempco 
0.5 
ppmf'C 


Channel-to-Channel 
Mismatch 
±1/2 
LSB 


ANALOG 
INPUT 


Input Voltage Range 
VREF= +5V 
0 
+5 
V 


On-Channel 
Input Capacitance 
CAIN 
8 
pF 


AINO-AIN3 = OV to +5V: 
Input Leakage Current 
lAIN 
TA= 
+25'C 
10 
nA 
TA = TMIN to TMAX 
100 


DYNAMIC 
ACCURACY 
(f WR = 14.81kHz, fAIN = 2.011kHz, TA = 25'C, Note 2) 


Signal-ta-Noise + Distortion 
S/(N + D) 
70 
dB 


Total Harmonic Distortion 
THD 
2kHz Input Signal 
-80 
dB 
TA = +25'C 


Peak Harmonic or Spurious Noise 
-80 
dB 


REFERENCE 
INPUT 


REFIN Range 
For specified 
performance 
+5±5% 
VREFIN 


Degraded 
transfer accuracy 
1 
V 
+4 
+6 


REFIN Input Current 
REFIN = +5V 
1.0 
mA 


REFERENCE 
OUTPUT 


MAX182A 


REFOUT Voltage 
TA = +25'C 
+4.985 
+5 
+5.015 
V 


REFOUT Temp (C') 
±10 
±40 
ppmf'C 


REFOUT Sink Current 
1 
mA 


MAX182B 
Use External Reference 
Only 


Calibrated 4-Channel 12-8it ADC 
with T/H and Reference 


ELECTRICAL CHARACTERISTIC 
(continued) 


(Voo = + 15V, Vcc = +5V, Vss = -5V, REFIN = +5.0V, all specifications TA = TMINto TMAX,fCLK= 26667kHz 
external, unless otherwise noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


LOGIC INPUTS (RD, CS, WR, BYSL, AD, A1) 


Input High Voltage 
VIH 
VCC = +5V±5% 
+2.4 
V 


Input Low Voltage 
VIL 
VCC = +5V±5% 
+0.8 
V 


VIN = 0 to VCC: 
Input Current 
IIN 
TA = +25·C 
±1 
liA 
TA = TMIN to TMAX 
±10 


Input Capacitance 
CIN 
(Note 3) 
10 
pF 


CLOCK 


Input High Voltage 
VIH 
VCC = +5V±5% 
+3.0 
V 


Input Low Voltage 
VIL 
VCC = +5V±5% 
+0.8 
V 


Input High Current 
IIH 
VCC = +5V±5% 
1.5 
mA 


Input Low Current 
IlL 
VCC = +5V±5% 
1.2 
mA 


LOGIC OUTPUTS 
(DBD-DB7, 
BUSy) 


Output High Voltage 
VOH 
VCC = +5V ±5%, 
ISOURCE= 200llA 
+4.0 
V 


Output Low Voltage 
VOL 
VCC = +5V ±5%, 
ISINK = 1.6mA 
+0.4 
V 


Floating State Leakage 
ILKG 
VOUT = OV to VCC 
±1 
liA 
Current (OBO-OB7) 


Floating State Output 
COUT 
(Note 3) 
15 
pF 
Capacitance 
(OBO-OB7) 


CONVERSION 
TIME (Note 4) 


With External Clock 
fCLK = 266.67kHz 
60 
liS 


With Internal Clock 
TA = +25·C 
90 
140 
lis 


POWER REQUIREMENTS 
(Note 5) 


Voo 
+11.4 
+15.75 


Power -Supply Voltage 
VSS 
-4.75 
-5.25 
V 


VCC 
+4.75 
+5.25 


Voo Supply Rejection 
Voo = + 14.25V to + 15.75V, VSS = -5V 
±1/8 
LSB 


VSS Supply Rejection 
VSS = -4.75V to -5.25V, Voo = + 15V 
±1/8 
LSB 


Voo Supply Rejection 
Voo = + 11.4V to + 12.6V, VSS = -5V 
±1/8 
LSB 


VSS Supply Rejection 
VSS = -4.75V to -5.25V, Voo = + 12V 
±1/8 
LSB 


100 
VIN = VIL or VIH 
6 
10 


Power-Supply 
Current 
Iss 
8 
mA 


Icc 
0.1 
1.0 


Note 1: 
Includes: 
Full-SCale Error, Offset Error, Relative Accuracy. 


Note 2: 
Up to 5th Harmonic 
is measured. 


Note 3: 
Guaranteed 
by design. 


Note 4: 
Track/Hold 
aquisition 
time included 
in conversion 
time, using 1l3. conditiolJ.i§ee 
Timing Characteristics). 


Note 5: 
Power-supply 
current is measured 
when MAX182 is inactive (CS = WR = RO = BUSY = High). 


-- 


Calibrated 4-Channel 12-8it ADC 
with T/H and Reference 


TIMING CHARACTERISTICS 
(Note 6, Figures 1 and 2) 


(VDD; 
+ 15V, Vcc; 
+5V, Vss; 
-5V, REFIN; 
+5.0V, unless otherwise 
noted.) 


SYMBOL 
CONDITIONS 
TA= +2S"C 
TA = -40"C to +8S"C 
TA = ·SS"C to +12S"C 
UNITS 
PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


CS to WR Setup Time 
t1 
0 
0 
0 
ns 


WR Pulse Width 
t2 
120 
120 
120 
ns 


CS to WR Hold Time 
13 
0 
0 
0 
ns 


WRto 
BUSY 
t4 
85 
120 
100 
140 
115 
160 
ns 
Propagation 
Delay 


AO, A 1 Valid to WR 
t5 
0 
0 
0 
ns 
Setup Time 


AO, A 1 Valid to WR 
16 
0 
0 
0 
ns 
Hold Time 


BUSY to c:;s Setup Time 
t7 
(Note 3) 
0 
0 
0 
ns 


CS to RD Setup Time 
t8 
0 
0 
0 
ns 


RD Pulse Width 
19 
120 
120 
120 
ns 


CS to RD Hold Time 
tlO 
0 
0 
0 
ns 


BYSl to RD Setup Time 
t11 
50 
50 
50 
ns 


BYSl to RD Hold Time 
t12 
0 
0 
0 
ns 


RD to Valid Data (Note 7) 
t13 
(Bus Access 
60 
100 
70 
110 
90 
130 
ns 
Time) 


RD to Three-State 
Output 
t14 
(Bus Relinquish 
20 
100 
20 
100 
20 
100 
ns 
(Note 8) 
Time) 


WR to ClK 
for 
16 Clock 
t15 
20 
20 
20 
ns 
Conversions 
(Note 9) 


WR to ClK 
for 
17 Clock 
t16 
20 
20 
20 
ns 
Conversions 
(Note 9) 


Note 6: 
Data is timed from VOH, VOL all input control signals are timed from a voltage level of + 1.6V and specified with tr; 
tf ; 
20ns 


(10% to 90% of +5V). 


Note 7: 
t11, the time required for an output to cross 0.8V or 2.4V, is measured 
with the load circuits 
of Figure 3. 


Note 8: 
t12, the time required for the data lines to change 
0.5V, is measured 
with the load circuits of Figure 4. 
Note 9: 
See Figure 7. 
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PIN 
NAME 
FUNCTION 


1 
CAZ 
Auto-Zero 
Capicitor 
Input. Connect other 
end of capacitor 
to AGND. 


2 
AI NO 
Analog Input for Channel 0 


3 
AIN1 
Analog Input for Channell 


4 
AIN2 
Analog Input for Channel 2 


5 
AIN3 
Analog 
Input for Channel 3 


6 
REFIN 
Voltage Reference 
Input. The MAX182 is 
specified 
with REFIN = +5V. 


7 
AGND 
Analog Ground 


8 
DGND 
Digital Ground 


9 
Vcc 
Logic Supply. 
Digital inputs and outputs 
are TIL compatible 
for Vcc = +5V. 


Three-State 
Data Outputs. 
Active when 
10-17 
DBO-DB7 
CS and RD are brought 
low. 
Individual 
pin functions 
depend 
upon BYTE SELECT 
(BYSL) input. 


DATA BUS OUTPUT, 
CS, RD = LOW 


PIN 
BYSL= 
HIGH 
BYSL= 
LOW 


10 
BUSY (Note 10) 
DB7 


11 
LOW (Note 11) 
DB6 


12 
LOW (Note 11) 
DB5 


13 
LOW (Note 11) 
DB4 


14 
DB11 (MSB) 
DB3 


15 
DB10 
DB2 


16 
DB9 
DB1 


17 
DB8 
DBO(LSB) 


PIN 
NAME 
FUNCTION 


18 
RD 
READ Input. 
Used with CS to enable the 
three-state 
data outputs. 
RD is active low. 


19 
CS 
CHIP SELECT Input. 
Used with either RD 
or WR for control. 
CS is active low. 


20 
WR 
WRITE Input. 
In combination 
with CS, this 
active low signal starts a new conversion. 


BYTE SELECT. 
BYSL selects high- or low- 
21 
BYSL 
~ 
output during a data READ operation. 


(RD, CS = low.) 
See pins 10-17. 


22 
BUSY 
Converter Status. 
BUSY is only low during 
conversion. 


CLOCK Input. Internal clock operation 
with 
this pin floating and unloaded, 
typically 
23 
CLK 
results in 120l1S conversion time (Figure 8). 
This can be shortened 
by using an 
external 74HC clock source (Figure 9). 


24 
AO 
Address 
input AO. See description 
of A 1. 


Address 
Input A 1. Address 
inputs AO and 
A 1 determine 
the input channel to be digi- 
tized. 
The address 
input latch is available 
when CS and WR are low. The address 
in- 


25 
A1 
puts are entered by WR returning 
high. 
£1.1 
AD. 
Channel Selected 
0 
0 
AINO 
0 
1 
AIN1 
1 
0 
AIN2 
1 
1 
AIN3 


26 
REFOUT 
Reference Output 


27 
Vss 
Negative 
Supply Voltage, -5V 


28 
VDD 
Positive Supply Voltage, 
+ 15V 


Note 10: 
High during a conversion, BUSYis a converter status flag. 
Note 11: 
When BYSL is high, pins 11-13 output a logic low. 
The 
12-bit digital result is in oBO-oBII. 
DB11 is the MSB. 


BUSY 


CS 


.1110t 
Jm 
RD 


BYSL 
~111 
112r 1 


t11 


DATA 
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NOTE: 
THE 2-BYTE 
CONVERSION 
RESULT ];AN 
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WHilE 
CS AND RD ARE lOW, 
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REFLECTTHE 
BYSLiNPUT 


IDI 


Calibrated 4-Channel 12-8it ADC 
with T/H and Reference 


_______ 
Detailed Operation 


Operating Information 


Figure 5 shows an operational diagram for the MAX182. The 
only required passive components 
are a hold capacitor 


(CAl) and a reference bypass capacitor and resistor. Indi- 
vidual pin functions are listed in the Pin Description table. 


On-Chip Clock Operation 


The on-chip oscillator 
requires no external components. 


Therefore, the ClK pin can be left unconnected 
resulting 
in a typical 
120llS conversion 
time. 
The conversion time 


can be increased by adding a capacitive 
load on the ClK 


pin. 
The timing diagrams 
in Figures 6 and 7 show the 
resulting tracking duration for relative positions of WR and 
ClK. 
Figure 8 is a schematic for on-chip clock operation. 


A new conversion is initiated by bringing WR low, with CS 
low. 
This starts a track 
acquisition 
sequence. 
In this 


state, the 
T/H 
goes 
into track 
mode. 
Capacitor 
CAZ 


charges to the analog input voltage minus the input offset 
voltage of the comparator. 
Note: when WRJ§..!9w(with CS 


low), the MAX182 is in track mode. When WR goes high, 
tracking time is extended 
by another 4 to 5 clock periods 


(4 clock periods beginning with the first falling clock edge 
following the rising edge of WR). 16 to 17 clock periods 
are required for each conversion 
(Figure 7). 


+5V 


3k~ 


DBN--T- I 100pF 


-= 
DGND 
± 
100pF 


DGND -= 


DBN --<1>--3k----f>---1OpF 


-= 
DGND 


+5V 


3k~ 


DBN-t I 10pF 


-= 
DGND 


The MAX182 is in track mode between conversions 
when 


BUSY is high. After the tracking 
sequence, 
the most 
significant bit (MSB) decision is made. Following this, the 
remaining 
11 bits are digitized 
on~ccessive 
clock cy- 
cles, as indicated 
in Figure 6. The WR pulse need not be 


synchronized 
with the internal clock. 


Extemal Clock Operation 


For external clock operation, 
drive the ClK 
input with a 
74HC compatible 
clock source (Figure 9). 


The MAX182 automatically 
tracks forthei!QPropriate 
time 
by means of an on-chip counter. 
Both WR and CS must 


be low to initiate a new conversion. 
Whenever WR and 


CS are low, the chip enters into track mode until WR or 
CS rises. After the rising edge of WR, the next falling edge 
of the clock starts a counter, which extends the tracking 
time by 4 to 5 external clock periods. 


The analog input acquisition 
is complete at the end of the 


tracking 
period, 
and the signal is stored in the internal 


track-and-hold. 
The external clock source need not be 


synchronized 
with the WR pulse. 


Reading Data 


The 12-bit result of a conversion plus the converter status 
flag are accessible 
over an 8-bit data bus. 
The data is 


available 
from the MAX182 in right-justified 
format (the 


least significant 
bit (LSB) is the right-most 
bit in a 16-bit 
word). 
Two byte sized read operations 
are needed. 
The 


Byte Select (BYSL) input determines 
which byte is to be 
read first, 8LSBs or 4MSBs plus status flag. 


CIIl 
4.7nF 


IIH 


ANALOG { 
INPUT OV 


TO+5V, 
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TOAGND 
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Voo 2 
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A1 
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5 AIN3 
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6 REFIN 
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~P 
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DB111OB3 
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Figure 6. 
MAX182 
Timing Diagram 


It is necessary 
to wait for the end of 
a conversion 
to 
obtain valid 12-bit data from the MAX182's 
successive 
approximation 
register 
(SAR). 
If a read instruction 
is 
performed 
during a conversion, 
the MAX182 will dump 
the existing contents of the SAR onto the data bus. There 
are three 
methods to ensure correct operation: 


1. 
Insert a software delay longer than the ADC con- 
version time between the conversion start and the 
data read operations. 


2. The BUSY output is low during the conversion and 
high at the conversion 
end. 
Use this signal as an 
interrupt to the ~P. 


3. 
Poll the converter 
status flag, BUSY, at user-de- 
fined intervals after a conversion 
start. The status 
flag is available on DB? during a high-byte 
READ. 


The flag is the left-most 
bit and can be shifted 
directly 
into the ~P's carry flag for testing. 
BUSY 
is high during a conversion. 


CLK 


~ 


115 
I 
J 
ViR 
TRACKING ---I- 


MSB 
I-- 116 
DECISION 


ViR~ 
TRACKING 
MSB 


DECISION 


Figure 7. 
Width of Tracking Interval as a Function of WR Rising 
Edge Timing with Respect 
to eLK Falling Edge 
/vl/JXI/vl 


A write operation 
to the MAX182 
during 
a conversion 


restarts the conversion. 
_______ 
App'ication Hints 


Auto-Zero Capacitor (CAZJ 


CAZ (Figure 
5) must be a low-leakage, 
low-dielectric 


absorption 
capacitor 
such 
as polypropylene, 
polysty- 
rene, or teflon. 
Connect the outside foil of CAZ to AGND 
to minimize noise. 
CAl 
should be 4,?OOpF. 


Clock 


Figure 10 shows typical conversion 
time versus temper- 


ature when using the MAX182's on-chip 
clock. 
Due to 
variations 
in manufacturing, 
the actual 
operating 
fre- 


quency can differ from chip-to-chip 
by up to 20%. 
For 
this reason, it is suggested 
that an external clock be used 
when fixed conversion 
times are required. 


Analog Inputs 


The high-impedance 
analog 
inputs, 
AINO-AIN3, 
allow 
simple analog interfacing. 
Signal sources from OVto +5V 
may be connected 
directly to AIN without extra buffering 
for source 
impedances 
up to 5kn 
(Figure 
11). 
The 


input/output 
(I/O) transfer 
characteristic 
and transition 
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points for this input signal 
range are demonstrated 
in 
Figure 12 and Table 1. The MAX182 transfer character- 
istic has transition 
points designed 
to occur on integer 
multiples of 1LSB. The output code is natural binary with: 


1LSB = (Full Scale (FS))/4096 
= (S/4096)V = 1.22mV. 


For signal 
ranges 
other than OV to +SV, use resistor 


divider 
networks to provide 
OV to +SV signal ranges at 
the MAX182 
input pins. 
The connection 
in Figure 
13 
shows a divider network on channel 0 for a OV to + 1OV 
signal range. 
Resistors should be of the same type and 
manufacturer 
to ensure matched temperture coefficients. 


The source impedance 
must now be as low as possible 


since it adds to the resistor divider impedance. 


Figure 
14 shows 
how bipolar 
signals 
(-SV to +SV) on 


channel 0 are accommodated 
by referencing 
a resistor 


divider 
network 
to REFIN. The signal 
source 
must be 


74HC 
23 
CLK 
COMPATIBLE 


CLOCK SOURCE 
.A4AXI.J'M 


MAX182 
1 


105 


~ 


104 


~ 
103 
'":z0v; 
102 
~ 
:z0'-' 
101 


100 


-55 
-25 
.25 
.50 
.75 
.100 
.125 


TEMPERATURE rCI 


capable of sinking O.SmA with the resistor values shown. 
Refer to Figure 1S and Table 2 for the I/O transfer char- 
acteristic and transition points for this signal range. Out- 
put coding 
is offset binary with an LSB size of: 


(FS)(1/4096) = (10/4096)V = 2.44mV. 


To adjust bipolar zero error apply 
1.22mx (+1/2LSB) 
to 


AINO-AIN3 
so that the ADC output 
switches 
between 


1000 0000 0000 and 1000 0000 0001 . 


Power-Supply Decoupling 


Power supplies to the MAX182 should be bypassed 
with 


either a 10IlF electrolytic 
or tantulum capacitor 
in parallel 


with a 0.011lF disc ceramic 
capacitor 
for clean, 
high- 


frequency 
performance. 
Place all capacitors 
as close as 


possible to the MAX182 supply 
pins. 
Figure 16 shows 


preferred decoupling 
circuit. 
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Internal Reference 


The internal 
reference 
(REFOUT) should 
be bypassed 


with a Hl resistor in series with a capacitor. 
The capac- 
itor should be a 1O~F electrolytic 
or tantalum in parallel 


with a D.D1~F disc ceramic (Figure 17). Figure 18 shows 
a circuit that allows input adjustment 
which is useful for 


trimming out initial (room temperature) 
error in the refer- 


ence voltage. 


Table 1. Transition 
Points for Unipolar 
OV to 
+SV Operation 


Analog 
Input (V) 
Digital Output 


0.00122סס oo 0000 0001 
0.00244סס oo 0000 0010 
... 
... 


2.49878 
011111111111 
2.50000 
1000סס ooסס oo 
2.50122 
1000 0000 0001 
... 
... 


4.99756 
1111 11111110 
4.99878 
111111111111 


Table 2. Transition 
Points for Bipolar 
-SV to 
+SV Operation 


Analog 
Input (V) 
Digital 
Output 


-4.99878 
0000 0000 0001 


-4.99634 
0000 0000 0010 
.. . 
... 


-0.00122 
1000 0000סס oo 
+0.00122 
1000סס oo 0001 
... 
... 


+4.99389 
111111111110 
+4.99634 
111111111111 


External Reference Circuit I: 


Figure 18 shows how to a MX584LH to generate a refer- 
.:: 


ence voltage 
of 5.DDV. A typical 
adjustment 
range of 
•• 


75mV is provided 
by R2. Over the commercial 
tempera- 
)< 


ture 
range, 
the 
MX584LH 
contributes 
no more 
than 
•••• 


±1 LSB of gain error. 
Q) 


During a conversion, 
transient currents flow at the REFIN 
~ 
input. 
To prevent 
dynamic 
errors, place either a 1O~F 


electroly1ic or tantalum 
smoothing 
capacitor 
in parallel 
with a D.D1~F disc ceramic from the REFIN pin to AGND. 
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Layout 


When designing 
a layout for a printed circuit board, keep 
digital and analog signal lines separated 
whenever pos- 


sible. 
It is critical 
that no digital line runs alongside 
an 


analog signal line or near the CAl. 
Guard the analog 


inputs, the reference input and the CAZ input with AGND. 


Establish a single-point 
analog ground (AGND) as close 


to the MAX182 as possible, 
isolated from the logic sys- 


tem. 
Connect 
the single-point 
analog 
ground 
to the 
digital system ground, which is attached to DGND at one 
point, as close as possible to the MAX182. The following 
should be returned to the analog ground point: input-sig- 
nal common, 
input guards, 
the CAZ, and any bypass 


111 ..111 


111 ..110 


100 010 


100 001 


100 000 
011...111 


011...110 


000...001 


000.. 000 


OV 


ANALOG INPUT, ANY CHANNEL 


ANALOG SUPPLY 


.15V 
GNO 
-5V 


.15V 
AGNO 
-5V 
DGNO 
.5V 


A4AX1A4 


MAX182 


capacitors 
for the reference 
input and the analog sup- 
plies. 
Low-impedance 
analog and digital power-supply 


common returns with wide trace widths are essential for 
quiet operation 
of the MAX182. 


Noise 


To minimize 
input noise coupling, 
input signal leads to 
AIN and signal return leads from AGND 
should be kept 
as short as possible. 
A shielded 
cable between source 
and ADC is suggested 
in applications 
where longer leads 


are required. 
Also, care 
should 
be taken 
to reduce 
ground 
circuit 
impedances 
as much as possible 
since 
any potential 
difference 
in grounds 
between 
the signal 


source and ADC creates an error voltage 
in series with 
the input signal. 


When 
interfacing 
to continuously 
busy 
and 
noisy 
lJ.P 
buses, it is possible to get errors at the LSB level. These 
errors exist because 
of feedthrough 
from the bus to the 
integrated circuit through the package. 
The problem can 


be minimized 
in ceramic 
packaged 
chips by grounding 
the metal lid. 
Another solution is to isolate the MAX182 
from the noisy lJ.P bus using three-state 
buffers. 


.-MAXI.- 
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______ 
Dynamic Performance 


High-speed sampling capability and 14kHz throughput make 
the MAX182 ideal for wideband signal processing. 
To sup- 


port these and other related applications, fastfouriertransform 
(FFT) test techniques are used to guarantee the ADC's dy- 
namic frequency response, distortion, and noise at the rated 
throughput. 
Specifically, this involves applying a low-distor- 
tion sinewave to the AOC input and recording the digital 
conversion results for a specified time. 
The data is then 
analyzed using an FFT algorithm which determines its spec- 
tral content. 
Conversion errors are then seen as spectral 
elements outside of the fundamental input frequency. 


AOCs have traditionally 
been evaluated 
by specifica- 
tions such as zero and full-scale 
error, integral 
nonline- 
arity and differential 
non-linearity. 
Such parameters 
are 
widely 
accepted 
for specifying 
performance 
with DC 
and slowly varing 
signals but are less useful in signal- 
processing 
appications 
where the AOCs impact on the 
system transfer function 
is the main concern. 
The sig- 
nificance 
of various DC errors does not translate well to 


the dynamic 
case, so different tests are required. 


Signal.to·Noise Ratio 
and Effective Number of Bits 


The ratio between the RMSamplitude of the fundamental input 
frequency to the RMSamplitude of allother AID output signals 
is the signal-to-noise ratio (SNR). The output band is limited 
to frequencies above DC and below one half the AID sample 
(conversion) rate. 
This usually (but not always) includes 
distortion as well as noise components. 
For this reason, the 
ratio is sometimes referred to as 'signal-to-noise + distortion'. 


The theoretical 
minimum NO noise is caused by quanti- 
zation error and is a direct result of the AOC's resolution: 
SNR = (6.02N + 1.76)dB, where N is the number of bits 
of resolution. 
A perfect 12-bit AOC can do no better than 
74dB. 
Figure 20 shows the result of sampling 
a pure 


28 


Voo 


REFIN'-A_ 
MAX182 


10kHz sinusoid at a 100kHz rate with the MAX182. 
An 
FFT plot of the output shows the output level in various 
spectral bands. 


By transposing 
the equation 
that converts 
resolution 
to 


SNR, we can, from the measured 
SNR, determine 
the 
effective 
resolution or the 'effective 
number of bits' that 


the NO provides: 
N = (SNR -1.76)/6.02. 


Total Harmonic Distortion 


The ratio of the RMS sum of all harmonics 
of the input 
signal (in the frequency 
band above DC and below one 
half the sample 
rate) to the fundamental 
itself is total 


harmonic distortion (THO). This is expressed 
as: 


THO = 20Log[-V<V2 2+ V3 3 + V4 2 + V4 2 + ... + VN 2 )N1] 


where V1 is the fundamental 
RMS amplitude 
and V2 to VN 


are the amplitudes 
of the 2nd through Nth harmonics. 


Peak Harmonic or Spurious Noise 


The ratio of the fundamental 
RMS amplitude 
to the ampli- 


tude of the next largest spectral 
component 
(in the fre- 


quency band above DC and below one half the sample 
rate) is referred 
to as the peak 
harmonic 
or spurious 


noise. 
Usually this peak occurs at some harmonic of the 
input frequency. 
But if the AOC is exceptionally 
linear, it 


may occur only at a random peak in the AOC's noise floor. 
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_______ 
General Description 


The 
MAX183/184/185 
are 
12-bit, 
high-speed, 
BiCMOS, 
analog-to-digital 
converters 
(ADCs) 
that 
consume 
only 90mW of power 
while 
performing 
con- 


versions 
in as little 
as 311S. All three 
ADCs 
perform 


identically, 
except 
for conversion 
time: 
MAX183 - 311S, 


MAX184 - 511S,MAX185 - 10l1s. 


The MAX183/184/185 
require an external -5V reference. 


A buffered 
reference 
input minimizes 
reference-current 


requirements 
and allows a single reference to drive sev- 
eral ADCs. 
External reference 
specs can be chosen to 
suit the accuracy 
of the application. 
The ADC clock can 
be driven from either a crystal or an external clock source, 
such as a microprocessor 
(I1P) clock. 


Analog 
input range is pin-selectable 
for 0 to +5V, 0 to 
+ 1OV,or ±5V, making the ADCs ideal for data acquisition 
and 
analog 
input/output 
cards. 
A high-speed 
digital 
interface (100ns data access time) with three-state 
data 
outputs is compatible 
with most I1Ps. 


The MAX183/184/185 are available in space-saving, 24-pin 
narrow plastic DIP, CERDIP, and wide SO packages. 
__________ 
Applications 


Telecommunications 


Sonar and Radar Signal Processing 


High-Speed 
Data Acquisition 
Systems 


Personal Computer 
I/O Boards 


23 


VDD 


22 Vss 


/&lI/J 
X I /&11 


" •..•, "J X I " ••••, 
is a registered 
trademark 
of Maxim Integrated 
Products. 


• 
12-Bit Resolution and Accuracy 


• 
Fast Conversion 
Times: 
MAX183 - 3IJ.s 
MAX184 - 5IJ.s 
MAX185 -10l1s 


• 
Low 90mW Power Consumption 


• 
Choice of +5V, +10V or ±5V Input Ranges 


• 
Buffered Reference Input 


• 
Fast 100ns Bus Access Time 


• 
Operate with +5V, and -12V to -15V Supplies 


• 
Available in 0.3" DIP or Wide SO Packages 


PART 
UNEARITY 
TEMP. RANGE 
PIN-PACKAGE 
(LSBs) 


3IJ.sMaximum 
Conversion 
Time 


MAX183ACNG 
O'Cto 
+70'C 
24 Plastic DIP 
±1/2 


MAX183BCNG 
O'Cto 
+70'C 
24 Plastic DIP 
±1 


MAX183ACWG 
O'Cto 
+70'C 
24 Wide SO 
±1/2 


MAX183BCWG 
O'Cto 
+70'C 
24 Wide SO 
±1 


MAX183BC/D 
O'C to +70'C 
Dice' 
±1 


Ordering 
information 
continued 
on last page. 
'Consult 
factory for dice specifications. 
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ABSOLUTE MAXIMUM RATINGS 
Vooto 
DGND 
. 


Vss to DGND 
AGND to DGND 
. 


AIN1, 
AIN2 to AGND . 
VREF to AGND 
. 


Digital Input Voltage to DGND 


(CLKIN, CS, RD) 
Digital OutRut Voltage to DGND 


(011-00, 
BUSY, CLKOUT) 


Power Dissipation 
to +75"C (any package) 


Derate above +75"C by . 


Operating 
Temperature 
Ranges: 


MAX 18_AC/BC 
.. . . . . . .. . . ... 
.O"C to +70"C 


MAX18_AE/BE 
-40"C to +85"C 


MAX18_AM/BM 
. 
. 
-55"C to + 125"C 
Storage Temperature 
-65"C to +150"C 


Lead Temperature 
(Soldering, 
10 sec.) 
+300"C 


-0.3V to +7V 


+0.3V to -17V 


-D.3V to Voo+0.3V 
. 
-15V to + 15V 
Vss-D.3V to Voo+0.3V 


Stresses 
beyond 
those listed under 
"Absolute 
Maximum 
Ratings· 
may cause 
permanent 
damage 
to the device. 
These are stress ratings 
only, and 
functional 


operation 
of the device 
at these or any other conditions 
beyond 
those indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 


absolute 
maximum 
rating conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL CHARACTERISTICS 
(Voo = +5V ±5%, Vss = -10.8V to -16.5V; VREF = -5V; Slow Memory Mode; fClK = 4MHz for MAX183, fClK = 2.5MHz for MAX184, 
fClK = 1.25MHz for MAX185; TA = TMIN to TMAX, unless otherwise 
noted.) (Note 1) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


ACCURACY 
(Note 2) 


Resolution 
N 
12 
Bits 


MAX18 
AC/AE 
±1/2 


MAX18 
AM 
TA = +25"C 
±1/2 
Integral Nonlinearity 
INL 
Tested range ±5V 
LSB 
MAX18 
AM 
±3/4 


MAX18 
B 
±1 


Differential Nonlinearity 
DNL 
12-Bits, no missing codes over temp. 
±09 
LSB 


TA = +25"C 
±3 
Unipolar/Bipolar 
LSB 


Offset Error 
TA = TMIN to TMAX 
+4 


±2 
ppml"C 


TA = +25"C 
±4 
Unipolar/Bipolar 
LSB 


Gain Error 
TA = TMIN to TMAX 
±6 


+2 
ppml"C 


MAX183 
3.125 
Synchronous 
Clk 
MAX184 
5 
(12.5 Clks) 


MAX185 
10 
Conversion 
Time 
tCONV 
~s 
MAX183 
30 
3.25 
Asynchronous 
Clk 
MAX184 
4.8 
5.2 
(12 to 13 Clks) 
MAX185 
9.6 
10.4 


ANALOG 
AND REFERENCE 
INPUTS 


Analog 
Input Current, 
Unipolar 
input ranges OV to +5V, OV to + 1OV 
3.5 
AlN1 or AlN2 
mA 


Bipolar range ±5V 
+1.75 


VREF Input Range (Note 3) 
-5.1 
-4.9 
V 


VREF Input Current 
±3 
~A 


LOGIC INPUTS 


Input Low Voltage 
VINl 
CS, RD, CLKIN 
08 
V 


Input High Voltage 
VINH 
CS, RD, CLKIN 
2.4 
V 


Input Current 
IIN 
CS, RD; VIN = 0 to Voo 
±10 


CLKIN; VIN = 0 to Voo 
±20 
~A 


Input Capacitance 
(Note 3) 
CIN 
10 
pF 
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ELECTRICAL CHARACTERISTICS 
(continued) 


(VDO = +5V ±5%, Vss = -10.8V to -16.5V; VREF = -5V; Slow Memory Mode; fCLK = 4MHz for MAX183, fCLK = 2.5MHz for MAX184, 
fCLK = 1.25MHz for MAX185; TA = TMIN to TMAX, unless otherwise 
noted.) (Note 1) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


LOGIC OUTPUTS 


Output Low Voltage 
VOL 
011-00, 
BUSY, CLK OUT; ISINK= 1.6mA 
0.4 
V 


Output High Voltage 
VOH 
011-00, 
BUSY, CLK OUT; ISOURCE= 200llA 
4.0 
V 


Floating State Leakage Current 
ILKG 
011-00; 
VOUT = OV to VOO 
±10 
IlA 


Floating State Output Capacitance 
COUT 
15 
pF 
(Note 3) 


POWER REQUIREMENTS 


Voo 
4.75 
5 
5.25 
Supply Voltage (Note 1) 
V 
VSS 
-165 
-12 
-10.8 


100 
CS = RD = Voo, AIN1 = AIN2 = 5V 
7 
Supply Current 
mA 


ISS 
BUSY = HIGH 
10 


Power Dissipation 
PO 
Voo = +5V, VSS = -12V 
90 
155 
mW 


Power-Supply 
Rejection, Voo Only 
FS Change, Vss = -12V, Voo = 4.75V to 5.25V 
±1/4 
±1 
LSB 


Power-Supply 
Rejection, VSS Only 
FS Change, Voo = +5V, VSS = -10.8V to -16.5V 
±1/2 
±1 
LSB 


TIMING CHARACTERISTICS 
(Voo = +5V, Vss = -10.8V to -16.5V; 100% production 
tested, TA = TMIN to TMAX, unless otherwise indicated.) (Note 4, Figures 7, 9, 10) 


TA = +25'C 
MAX18_C/E 
MAX18_M 


UNITS 
PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


CS to RD Setup Time (Note 3) 
t1 
0 
0 
0 
ns 


RD to BUSY Delay 
t2 
CL = 50pF 
70 
120 
150 
180 
ns 


Data Access 
Time (Note 5) 
t3 
CL = 100pF 
50 
100 
130 
150 
ns 


RD Pulse Width (Note 3) 
t4 
t3 
t3 
t3 
ns 


CS to RD Hold Time (Note 3) 
t5 
0 
0 
0 
ns 


Data Setup Time After BUSY 
t6 
CL = 100pF 
40 
70 
90 
100 
ns 
(Note 5) 


Bus Relinquish 
Time (Note 6) 
t7 
30 
60 
75 
90 
ns 


Delay Between Read 
t8 
200 
200 
200 
ns 
Operations 


CLKIN to BUSY Delay (Note 3) 
t9 
120 
150 
180 
ns 


RD to CLKIN Setup/Hold 
Time 
tl0 
25 
100 
25 
100 
25 
100 
ns 
(Notes 3,7) 


Note 1: 
Performance 
guaranteed 
over supply range by testing end-point 
errors (power-supply 
rejection) 
at the supply extremes. 


Note 2: Voo = +5V, VSS = -12V, VREF = -5V 
Note 3: Guaranteed 
by design. 


Note 4: All inputs are OV to +5V swing with tr = tf = 5ns (10% to 90% of +5V) and timed from a voltage level of +1.6V. 
Note 5: t3 and t6 are measured 
with the load circuits 
of Figure 1 and defined 
as the time required for an output to cross +0.8V or +2.4V. 


Note 6: t7 is defined 
as the time required 
f.Q[Jhe data lines to change 
0.5V when loaded with the circuit of Figure 2. 


Note 7: For predictable 
conversion 
times, RD to CLKIN falling edge must be outside this window. 
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PIN 
NAME 
FUNCTION 


1 
AINl 
Analog Input 


2 
VREF 
Voltage-Reference 
Input 


3 
AGND 
Analog Ground 


Three-State 
Data Outputs. 
They are active 
4-11 
011-04 
when CS and RD are low. 
DBll 
is the 
most significant 
bit. 


12 
DGND 
Digital Ground 


13-16 
03-00 
Three-State 
Data Outputs 


Clock Input. 
Connect an external TIL- 


l? 
CLKIN 
compatible 
clock to CLKIN. 
Alternatively, 


insert a crystal or ceramic 
resonator 
be- 
tween CLKIN and CLKOUT. 


Clock Output. 
When using an external 
18 
CLKOUT 
clock, an inverted CLKIN signal appears 
on CLKOUT. 
See CLKIN description. 


RD 
READ Input. 
Along with CS, this active 
19 
low signal enables the three-state 
drivers 
and starts a conversion. 


CS 
CHIP SELECT 
Along with RD, this active 
20 
low signal enables the three-state 
drivers 
and starts a conversion. 
-- 
BUSY. 
Low while a conversion 
is in prog- 
21 
BUSY 
ress. 
BUSY indicates 
converter 
status. 


22 
Vss 
Negative 
Supply, -12V to -15V 


23 
VDD 
Positive Supply, +5V 


24 
AIN2 
Analog Input 


+5V 


., 
~ 
3kfl 


O~ 


ClI OGNO 
,IT 


_ 
OGNO_ 


+5V 


•. 
~ 
3kQ 


ON 
O~ 
nO' 
I'" 
_ 
OGNO 
_ 
_ 
OGNO 
- 
- 
- 


OV TO +5V 
1 
24 
AINl 
AIN2 
ANALOG INPUT 
2 
23 


-5V VREF INPUT 
VREF 
Voo 
+5V 


3 
22 


AGNO 
Vss 
-12V1-15V 


4 
STATUS 


5 
011 (MSB) 
BUSY 
OUTPUT 


6 
010 
-M~~a.1"'CS 
}~p 
CONTROL 
09 
MAX/84 
R5 
C, 
INPUTS 
7 
MAX/85 
08 
CLKoUT 
= 
~(NoTES1 
8 
07 
CLKIN 
AN02) 


9 
C2 
= 
06 
(LSB) 00 
10 


11 
05 
01 


04 
02 
12 
13 


oGNO 
03 


'-------y------ 
'---y---' 


t 
~PoATA 
BUS 
t 


NOTE 1: 
MAX183- 
4.0MHz 
CRYSTAl/CERAMIC 
RESONATOR 
MAXl84- 
2.5MHz 
CRYSTAl/CERAMIC 
RESONATOR 
MAXl85-1.25MHz 
CRYSTAl/CERAMIC 
RESONATOR 


NOTE 2: 
C1 AND C2 CAPACITANCE 
VALUES 
DEPEND ON CRYSTAl/CERAMIC 
RESONATOR 
MANUFACTURER. 
TYPICAL 
VAUES ARE FROM OpF TO 100pF 
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______ 
Detailed Description 


Converter Operation 


The MAX183/184/185 
use a successive 
approximation 


technique 
to convert 
an analog input to a 12-bit digital 
output code. 
The control logic provides 
easy interface 
to most ~Ps (Figure 3). 


Figure 4 shows the MAX183/184/185 
analog-equivalent 
circuit. The internal D/A converter (DAC) is controlled 
by 
a successive 
approximation 
register (SAR), has an output 
impedance 
of 2.5k.Q, and connects 
directly to the com- 
parator input. The analog inputs AIN1 and AIN2 connect 
to the same comparator 
input through 5k.Q resistors. 


A conversion 
starts at the falling edge of CS and RD and 


cannot be restarted after initiation. The BUSY output goes 
low when the conversion 
starts 
and 
can be used 
to 


control 
an external 
sample-and-hold 
when measuring 


wide bandwidth 
input signals. 


The SAR is set, ~nchronously 
with the clock input, to 
half scale when CS and RD go low. At the second falling 
edge of CLKIN 
(or rising edge of CLKOUT) 
following 
a conversion 
start, 
the output 
of the comparator 
is 


latched 
into the SAR most significant 
bit (MSB/D11) 
(Figure 5). The MSB is kept if the analog input is greater 
than half scale, or dropped 
if it is smaller. The next bit 
(D 10) is then set with the DAC output either at 1/4 scale 
(if the MSB was dropped) 
or 3/4 scale (if the MSB was 
kept). The conversion 
continues 
in this manner until the 
LSB is tried. At conversion 
end, following a falling CLKIN 


signal, BUSY goes high and the SAR result is latched 
into three-state 
output buffers. 


VREF 


12-BIT DAC 


.•.•• AXI.A/II 


MAX183 
MAX184 
MAX18S 


____________ 
Clock 


'nterna' C'ock Oscillator 


Figure 6 shows the MAX183/184/185 
clock circuitry. Min- 
imize the capacitive 
load on the CLKOUT 
pin for low 
power dissipation 
and to avoid digital 
coupling 
of the 
CLKOUT 
buffer 
current 
to the comparator. 
CLKOUT 
should be left open if an external clock source is used to 
drive CLKIN. 
Connect 
a crystal/ceramic 
resonator 
be- 
tween CLKOUT 
and CLKIN 
if the internal 
oscillator 
is 
used. 


Control 'nputs Synchronization 


When RD is not synchronized 
with the ADC clock, the 
conversion time can vary from 12 to 13 clock cycles. 
The 
SAR changes state on the falling edge of the CLKIN input 
(or rising edge on the CLKOUT pin). Use the following 
guidelines 
to ensure a fixed conversion 
time: 


CS&RD =". 
/ 
7 7 7 7 
557 
7 7 


BUSY~ 
~ 
~~~~~~~~fj-------/ 
~ rr= 
30ns TYP 


CLKIN~~ 
I 


CLKOUT~f~ 


t 
t 
t 
t 
t 
D11(MSB) 
Dl0 
D9 
D1 
DO (LSB) 


Figure 5. Operating 
Waveforms Using an External Clock Source 
_ 


for CLKIN 


Cl 
18 


~ 


NOTES 
1 r--> 


AND2) 
'-' 
C2 
17 


.••••AXI.A4 


MAX183 
MAXI84 
MAX18S 


NOTE1: 
MAX1B3- 
4.0MHz 
CRYSTALfCERAMIC 
RESONATOR 
MAX1B4- 
25MHz 
CRYSTAUCERAMIC 
RESONATOR 
MAXl B5-125MHz 
CRYST ALfCERAMIC 
RESONATOR 


NOTE 2: 
Cl AND C2 CAPACITANCE 
VALUES DEPEND ON CRYSTALfCERAMIC 


RESONATOR MANUFACTURER. 
TYPICAL VALUES ARE FROM 30pf TO l00pf. 
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The MAX183/184/185 
RD input should go low at the rising 
edge of CLKIN. 
In this case, the conversion 
lasts 12.5 
clock cycles, 
and the conversion 
time is 3. 1251ls when 
fClK = 4MHz, 51ls when fClK = 2.5MHz, and 1OilS when 
felK = 1.25MHz. The delay from the falling edge of RD to 
the falling edge of CLKIN must not be less than 100ns to 
ensure the 12.5 clock cycle conversion 
time (Figure 7). 


This gives the external 
sample-and-hold 
1.5 clock 
cy- 
cles to settle 
from 
hold transients. 
An additional 
1/2 
clock 
cycle 
of settlin9....fan be allowed 
for the sample- 
and-hold 
by having 
RD go low at the falling 
edge 
of 
CLKIN. This results in a 13 cycle conversion time (3.25Ils, 
5.21ls and 10AIlS). 
________ 
Digita' Interlace 


Timing and Control 


CS and RD control 
conversion 
start 
and 
data-read 
operations. 
Figure 
8 shows 
the logic 
equivalent 
for 


the conversion 
and the data-output 
control 
circuitry. 


A logic 
low at both inputs 
starts 
a conversion. 
Once 


a conversion 
is in progress, 
it cannot 
be restarted. 


The BUSY output 
remains 
low during 
the entire 
con- 
version 
cycle. 


Figures 9 and 10 outline the two interface 
modes (slow 
memory and ROM). 
Slow memory mode is for IlPS that 


can be forced 
into a wait state for periods 
as long as 


the MAX183/184/185 
conversion 
time. 
ROM mode 
is 


for IlPS that cannot 
be forced 
into a wait state. In both 
interface 
modes, 
a processor 
read 
operation 
to the 
ADC 
address 
starts 
the 
conversion. 
In the 
ROM 
mode, 
a second 
read operation 
accesses 
the conver- 


sion result. 


":;~{ /Z~ZLif; 
:J;-t- lll0ns 
MIN_ 
_ 
, 


CLKIN~ 


I 
~ 


t 
t 
t 
t 
t 


011 
010 
09 
01 
DO 


(MSB) 
(LSB) 


Figure 7. MAXI83/184/185 
RD and CLKIN 
for Synchronous 
Operation 
and Conversion 
Time of 12.5 Clock Cycles 


Slow Memory 
Mode 


The timing 
diagram 
in Figure 
9 illustrates 
slow mem- 
ory mode, which is designed for IlPS with a wait state. CS 
and RD go low, triggering 
a conversion, 
and are kept low 
until the conversion 
is complete. 
BUSY responds 
by 
going 
low, and data from the previous 
conversion 
re- 
mains on the three-state data outputs. At conversion end, 
BUSY returns high, and the output 
latches transfer the 


new conversion 
results to the three-state 
data ~uts. 


The IlP completes 
the read operation 
by taking CS and 


RD high. 


ROM Mode 


The ROM mode avoids placing the IlP into a wait state. A 
conversion 
begins with a read operation. 
While CS and 


RD are low, data from the last conversion 
is available on 


the data outputs. A second read operation reads the new 
data and begins the conversion 
process again. A delay 


at least 
as long 
as the 
MAX183/184/185 
conversion 
times must be allowed 
between 
read operations. 
The 


data on the output 
bus is in a parallel 
format 
in either 
mode. 


App'ication Hint. 


Digital 
Bus Noise 


If the data bus connected 
to the ADC is active 
during 
a conversion, 
coupling 
from the data pins to the ADC 
comparator 
may 
cause 
LSBs 
of error. 
Using 
slow 
memory 
mode avoids 
this problem 
by placing 
the IlP 
in a wait state 
during 
the conversion. 
In ROM mode, 


if the data 
bus is active 
during 
the conversion, 
use 
three-state 
drivers 
to isolate 
the bus from the ADC . 


.••••.••• 
XIA4 


MAX183 
MAX184 
MAX18S 


20 cs 


19 AD 


FLIP 
f 
FLOP 


CLEAR 


CONVERSION 
START 
(RISING EDGE 


TRIGGER) 


ACTIVE HIGH 


ENABLE THREE-STATE 


OUTPUTS 011. DO 
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ROM Mode 


Digital noise is generated 
in the ADC when RD or CS go 
high, and the output 
data drivers 
are disabled 
after a 
conversion 
is started. This noise will feed into the ADC 
comparator 
and cause large errors if it coincides 
with the 
time the SAR is latching 
a bit decision. 
To avoid this 
problem, RD and CS should be active for less than 1clock 
cycle. 
In other words, the RD and CS low pulse should 
be 
less 
than 
250ns 
for the 
MAX183, 
400ns 
for the 
MAX184, and 111Sfor the MAX185. II this cannot be done, 
the RD or CS signal 
must go high at a rising edge of 
CLKIN since the comparator 
output is always latched at 
falling edges of CLKIN. 


Physical 
Layout 


For best 
system 
performance, 
printed 
circuit 
boards 
should 
be 
used 
for the 
MAX183/184/185; 
wire-wrap 
boards are not recommended. 
Separate the digital- and 
analog-signal 
lines as much 
as possible 
in the board 
layout. 
Do not run analog 
and digital 
lines parallel 
to 
each 
other 
or 
digital 
lines 
underneath 
the 
MAX 183/184/185 
package 


Grounding 


Figure 11 shows the recommended 
system ground con- 
nections. 
Establish 
a single-point 
analog 
ground 
(star 
ground), separate from the logic ground, at AGND of the 
MAX183/184/185. 
Connect all other analog grounds and 
DGND of the MAX183/184/185 
to this star ground 
(no 
other 
digital 
grounds 
should 
be 
connected 
to this 
point). 
For noise-free 
operation 
of the 
ADC, 
use a 
low-impedance 
ground 
return 
to the 
power 
supply 
from this star ground. 


Power.Supply 
Bypassing 


The ADC's high-speed 
comparator 
is sensitive to high- 
frequency 
noise in the Voo 
and Vss power 
supplies. 
These supplies 
should be bypassed 
to the analog star 
ground 
with O.111Fand 
1011Fbypass 
capacitors 
with 
minimum lead length for supply noise rejection. II the +5V 
power supply 
is very noisy, a small (10n-20n) 
resistor 
can be connected 
(Figure 11) to filter external noise. 


Driving The Analog Input 


The input signal leads to AIN and the input return leads 
to AGND should be as short as possible to minimize input 
noise coupling. Use shielded cables ifthe leads must be long. 


The input impedance 
at each AIN is typically 
5kn. 
The 
amplifier 
driving 
AIN must have low enough 
DC output 
impedance 
for low gain error. Furthermore, low AC output 
impedance 
is needed 
since the analog 
input current 
is 
modulated 
at the clock rate during a conversion 
(up to 
4MHz for MAX183, 2.5MHz for MAX184, or 125MHz 
for 
the MAX185). The output impedance 
of the driving am- 


plifier is equal to its open-loop 
output impedance 
divided 
by the loop gain at the frequency 
of interest. 


MAX184/185 
- The MAX184/185 maximum clock rate of 


2.5MHz makes it possible to drive AIN with amplifiers like 
the OP42, AD711 
or a Maxim OP27. A MAX400 
or a 
Maxim OP07 can also be used up to 1.25MHz clock rate. 


MAX183 - The MAX183, with a maximum 
4MHz clock 
rate, might 
exhibit 
settling 
problems 
with the above 
amplifiers. 
An LF356, LF400 or LT1056 can be used to 
drive the input. Alternatively, 
an emitter follower 
buller 
inside the feedback 
loop of a Maxim OP27, an OP42, or 
an AD711 improves high-frequency 
output impedance. 


Reference 
Input 


VREF connects 
to an external -5V source. 
This may be 
either a precision negative reference, a positive reference 
(such as the MX584) connected 
as a two-terminal 
device 
to provide 
-5V (Figure 
16), or an existing 
system refer- 
ence. The allowed input range at REFIN is -5.1 V to -4.9V. 
VREF (and AIN2 in bipolar 
input operation) 
should 
be 
bypassed 
to ground with a 1011Felectroly1ic capacitor 
in 
parallel with a O.111Fceramic capacitor. 


II the external reference 
is biased from a power supply 


other than Vss, then care must be taken to ensure that 
Vss is applied to the ADC before VREF. IIsupplysequenc- 
ing is in doubt, then connect a diode between Vss and VREF, 
as shown in Figure 12. If the reference source is powered 
from the same supply as Vss, then no diode is needed. 


MAX183/184/185 
to 


Sample-and-Hold 
Interface 


The analog 
input to the ADC must be stable 
to within 


1/2LSB during the entire conversion 
for specified 
12-bit 
accuracy. 
This limits the input-signal 
bandwidth 
to less 
than 6Hz for sinusoidal 
inputs, 
even when 
using 
the 
faster MAX183. A sample-and-hold 
should 
be used for 
higher bandwidth 
signals. 


The 
BUSY 
output 
from 
the 
MAX183/184/185 
may 
be used 
to provide 
the TRACK/HOLD 
signal 
to the 
sample-and-hold 
amplifier. 
However, 
since 
the 
ADC's 
DAC is switched 
at approximately 
the same 
time 
as the 
BUSY 
signal 
goes 
low, 
sample-and- 
hold 
transients 
caused 
by DAC 
switching 
may 
re- 
sult 
in 
code-dependent 
errors 
due 
to 
sample-and-hold 
aperture 
delay. 
Adding 
a NAND 
(inverted 
AND) 
gate 
ensures 
that 
the sample-and- 
hold 
is switched 
to the 
hold 
mode 
BEFORE 
any 
disturbances 
(Figures 
13 and 
14). The NAND 
gate 
solution 
works 
only 
if the 
width 
of the 
RD pulse is 
wider 
than 
the 
RD 
to 
BUSY 
delay 
in 
the 
MAX183/184/185. 
II this is not the case, use a flip-flop, 


which is set by the falling edge of RD and reset by the 
rising edge of BUSY. 
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VREF 
AlitAXlJ'M 


MAX183 
MAX184 
MAX185 


17 


NEWOATA 
011·00 


-5V 
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liJJJF4o.1~F 


ANALOG 
INPUT 
R3 


-2.5V TO +2.5V 
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LREF 


HOLD 


AD585 
VOUT 


14 


8 


R2 
40kn 


VIN- 
1 


cs 
20 


AI'IAXIAI'I 
19 


MAXI83 
Ri5 


AIN1 MAXI84 
MAXI85 
AIN2 


VREF 


10~FqO.l~F 


-5V 


REFERENCE 
INPUT 


-15V 


lO~F~O.l~F 


ANALOG 


INPUT 


-2.5V TO +2.5V 


Vs- 
S/H 


HA5320 
VOUT 


cs 
20 


.N'IAXIAt1 
19 


MAXI83 
Ri5 


AIN1 MAXI84 
MAXI85 


AIN2 


VREF 


10~90.1~F 


-5V 


REFERENCE 
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-15V 


10~F~0.1~F 


+5V 


10~FYO.1~F 


} 
CONT;OL INPUTS 


+5V 


1~Fy01~F 


} 
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For synchronous 
RD and CLKIN, the hold settling 
time 
allowed 
for the sample-and-hold 
is 375ns 
(MAX183), 


600ns (MAX184), and 1.51-1s(MAX185). 


The maximum 
sampling 
rate is 125kHz with a 2.5MHz 
clock and 64.5kHz with a 1MHz clock, allowing for a 31-1s 
sample-and-hold 
acquisition 
time. 


Although this circuit works well for the 1MHz clock rate, a 
faster sample-and-hold 
amplifier, such as the HA5320, is 
recommended 
at a 2.5MHz clock rate. 


MAX183- 
Figure 14 is the MAX183 to HA5320 interface. 


The maximum sampling rate is 210kHz with a 4MHz clock, 
which allows a 1.51-1sacquisition 
time. The HA5320 can 
also be replaced 
by a HA5330 for higher throughput. 


Analog Input Ranges 


The MAX183/184/185 
provides 
three selectable 
analog 
input ranges: OVto +5V, OVto + 1OV, and ±5V. Figure 15 


shows the configuration 
for the two analog inputs (AIN1 
and AIN2) for these ranges. 


Unipolar Operation 


Figure 16 shows unipolar operation 
using a MX584 volt- 
age reference configured 
for -5V. 


Figure 17 shows the nominal inpuVoutput transfer function 
of the MAX183/184/185. 
Code transitions occur half way 


between successive integer LSB values. The output coding 
is binary with 1LSB = Full Scale (FS)/4096. FS is either +5V 
or + 10V, based on the analog input configurations. 


Offset and Full-Scale 
Adjustment 


In applications 
requiring offset and FS range adjustment, 


use the circuit in Figure 19. Note: 
The amplifier 
shown 
could also be a sample-and-hold. 
Offset should be ad- 


justed first. Apply 
1/2LSB (O.61mV) at the analog 
input 


(AIN1 or AIN2) and adjust the offset of the amplifier until 


AltAXIAII 
AltAXIAII 
AIIAXIAII 
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MAXI83 
MAXI83 


MAXI84 
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1 
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VIN 
1 
AINI 
MAXI84 


MAXI85 
MAXI85 
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OR 
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AIN2 
NOTE 1 


23 
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Vss 
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C2 
C3 
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the digital output code changes between 0000 0000 0000 
and 000000000001. 


OVto +5V range: 
1/2LSB = 0.61mV 
OVto + 1OV range: 
1/2LSB = 1.22mV 


To adjust the full-scale range, apply FS-3/2LSB (last code 
transition) 
at the analog 
input and adjust 
R1 until the 
output code switches between 1111 1111 1110 and 1111 
11111111. 


OVto +5V range: 
FS-3/2LSB = 4.99817V 
OVto + 1OV range: 
FS-3/2LSB = 9.99634V 


Bipolar 
Operation 


The bipolar input range is ±5V. VIN is applied to AIN 1, +5V 
to AIN2, and -5V to VREF. This requires 
two reference 


voltages: 
-5V for the VREF input and +5V for the AIN2 
input. 
Figure 
19 shows 
these 
reference 
voltages 
are 


produced 
from a MAX675 reference 
and a MAX400 op 
amp configured 
as an inverting amplifier. 


The ideal input/output 
transfer characteristic 
after offset 


and gain adjustment 
is shown in Figure 20. The LSB is 
2A4mV (10V/4096). 


The resistors used in bipolar applications 
should be of the 


same type and from the same manufacturer 
to obtain low 
temperature 
drifts. 0.1% resistors are recommended 
for 
applications 
where offset and full-scale adjustments 
must 


be made in bipolar 
circuits. 
If low tolerances 
are used, 


larger value potentiometers 
must be used, which results 
in poor trim resolution and higher temperature 
drift. 


Offset and Gain Adjustment 


In bipolar operation, 
the offset is trimmed at negative full 


scale 
and should 
always 
be adjusted 
first. For offset, 


AIIAXIAII 


Rl 
MAXI83 
200n 
MAXI84 
MAXI85 
AGND 


apply -FS/2 + 1/2LSB (-499878V) 
at VIN and adjust the 
10kn 
potentiometer 
(Figure 
18) until the output 
code 
switches between 0000 0000 0000 and 0000 0000 0001. 


Gain is adjusted at full scale or bipolar zero. For full scale 
adjustment, 
apply FS/2 - 3/2LSBs (4.99634V) to VIN and 
adjust 
the 200n 
potentiometer 
until the output 
code 
switches between 1111 1111 1110 and 1111 1111 1111. 


Alternatively, to adjust gain at bipolar zero, apply -1.22mV 
at VIN and adjust the 200n potentiometer 
until the output 


code switches between 0111 1111 1111 and 10000000 
0000. 


OFFSET 
+12V 


ADJUST 


1+5V) 
VO 


TRIM 


R1 
MAX675 
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AINl 
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VREF 


AllAXIAI'I 


MAXI83 
MAXI84 
MAXI85 


OMIT Rl. R2. AND R31F GAIN 
OR OFFSET ADJUSTMENTS 
ARE NOT REQUIRED 
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I 
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I 
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High·Speed 12·8it AID Converters 
With External Reference Input 


:8 - Ordering Information (continued} 
,.. 


~ 
CO,.. 


CWs 
CO,.. 
><i 


PART 
LINEARITY 
TEMP. RANGE 
PIN·PACKAGE 
(LSBs) 


MAX183AENG 
-40'C to +8S'C 
24 Plastic DIP 
±1/2 


MAX183BENG 
-40'C to +8S'C 
24 Plastic DIP 
±1 


MAX183AEWG 
-40'C to +8S'C 
24 Wide SO 
±1/2 


MAX183BEWG 
-40'C to +8S'C 
24 Wide SO 
±1 


51ls Maximum 
Conversion 
Time 


MAX184ACNG 
O'Cto 
+70'C 
24 Plastic DIP 
±1/2 


MAX184BCNG 
O'Cto 
+70'C 
24 Plastic DIP 
±1 


MAX184ACWG 
O'Cto +70'C 
24 Wide SO 
±1/2 


MAX184BCWG 
O'Cto 
+70'C 
24 Wide SO 
±1 


MAX184BC/D 
O'Cto 
+70'C 
Dice' 
±1 


MAX184AENG 
-40'C to +85'C 
24 Plastic DIP 
±1/2 


MAX184BENG 
-40'C to +8S'C 
24 Plastic DIP 
±1 


MAX184AEWG 
-40'C to +8S'C 
24 Wide SO 
±1/2 


MAX184BEWG 
-40'C to +8S'C 
24 Wide SO 
±1 


MAX184AMRG 
-SS'C to +12S'C 
24 CERDIP" 
±3/4 


MAX184BMRG 
-SS'C to + 12S'C 
24 CERDIP" 
±1 


10llS Maximum 
Conversion 
Time 


MAX18SACNG 
O'C to +70'C 
24 Plastic DIP 
±1/2 


MAX18SBCNG 
O'C to +70'C 
24 Plastic DIP 
±1 


MAX18SACWG 
O'C to +70'C 
24 Wide SO 
±1/2 


MAX18SBCWG 
O'C to +70'C 
24 Wide SO 
±1 


MAX18SBC/D 
O'C to +70'C 
Dice' 
±1 


MAX18SAENG 
-40'C to +8S'C 
24 Plastic DIP 
±1/2 


MAX18SBENG 
-40'C to +8S'C 
24 Plastic DIP 
±1 


MAX18SAEWG 
-40'C to +8S'C 
24 Wide SO 
±1/2 


MAX18SBEWG 
-40'C to +8S'C 
24 Wide SO 
±1 


MAX18SAMRG 
-SS'C to + 12S'C 
24 CERDIP" 
±3/4 


MAX18SBMRG 
-SS'C to + 12S'C 
24 CERDIP" 
±1 


, Consult factory for dice specifications 
. 


•• Contact factory for processing 
to MIL-STO-883. 


ADVANCE INFORMATION 
First Page of Data Sheet in Preparation 


~1I1~JXI~1I1 
Low Power Single-Supply 12-8if Sampling ADC 


_______ 
General Description 


The MAX190 is a complete 
monolithic CMOS 12-bit ana- 
log-to-digital 
converter 
(ADC) which features a differen- 
tial 
input, 
track 
and 
hold 
(T/H), 
adjustable 
voltage 


reference, 
internal or external clock, 
and both parallel 
and serial ~P interfaces. 
It has a conversion 
time of 
12.5~s and tested sampling rate of 76kHz while requiring 
only 5mA from a single 5V supply. 
A 40~A power-down 
mode saves power in slow sampling 
rate applications. 


No external components 
are needed other than decou- 


piing 
capacitors 
for the power 
supply 
and 
reference. 


This ADC operates with an internal or external reference. 
The internal reference 
features an adjustment 
input for 


trimming system gain errors. 


The MAX190 provides three interface modes. 
Two 8-bit 
parallel modes, and a serial interface mode that is com- 
patible with common serial interface standards. 
__________ 
Applications 


Battery-Powered 
Data Logging 


High-Accuracy 
Process Control 


Electro-Mechanical 
Systems 


Data Acquisition 
Board for PCs 


Automatic Testing Systems 


Telecommunications 


Digital-Signal 
Processing 
(DSP) 


_______ 
Functional Diagram 


VREf 5 


6 


REFAOJ 


7 


AGND 
DGND 


D7iSoATA 
D6t->ctJ< 
DSlSSTRB 
D4 
IJ3iIlll 
D2AJ10 
DliU9 
COO8 


• 
12·Blt Resolution, 
1/2LSB linearity 


• 
Single +SV Operation SmA max Current 


• 
40~A Power·Down 
Mode 


• 
Built-In Track·and·Hold 
• 12.S~ Conversion Time (Includes T/H Acquisition) 


• 
Internal Reference with Adjustment 
Capability 


• 
Serial and 8-Blt Parallel ~P Interface 


• 
24-Lead Narrow DIP and Wide SO Packages 
______ 
Ordering Information 


PART 
TEMP. RANGE 
PIN-PACKAGE 
ERROR 
(LSBs) 


MAX190ACNG 
O'C to +70'C 
24 Plastic DIP 
±1/2 


MAX190BCNG 
O'C to +70'C 
24 Plastic DIP 
±1 


MAX190ACWG 
O'C to +70'C 
24 Wide SO 
±1/2 


MAX190BCWG 
O'Cto 
+70'C 
24 Wide SO 
±1 


MAX190BC/D 
-O'C to +70'C 
24 Dice' 
±1 


MAX190AENG 
-40'C to +85'C 
24 Plastic DIP 
±1/2 


MAX190BENG' 
-40'C to +85'C 
24 Plastic DIP 
±1 


MAX190AEWG 
-40'C to +85'C 
24 Wide SO 
±1/2 


MAX190BEWG 
-40'C to +85'C 
24 Wide SO 
±1 


MAX190AMRG 
-55'C to + 125'C 
24CERDIP 
±1/2 


MAX190BMRG 
-55'C to + 125'C 
24 CERDIP 
±1 


ADVANCE INFORMATION 
First Page of Data Sheet in Preparation 


_______ 
General Description 


The 
MX7821 
high-speed, 
microprocessor-compatible 


(~P), 8-bit NO converter 
(ADC) is a pin-compatible 
up- 
grade to the industry-standard 
7820. 
The MX7821 uses 
a half-flash 
technique, 
resulting 
in a 400ns conversion 


time vs.1.36~s for the 7820. 
It has a 100kHz input-signal 
bandwidth 
vs. 604kHz for the 7820. 
A VSS pin, not sup- 
plied 
by the 7820, supports 
dual power 
supplies 
and 
bipolar inputs. 


The MX7821 has track-and-hold 
(T/H) functions capable 


of digitizing 
a 2MHz signal, and is static and dynamically 
tested. 
The converter-~P interface appears as a memory 


location or input/output 
(I/O) port that requires no external 


interface logic. The data outputs use latched, three-state 
buffered circuitry for direct connection 
to a ~P data bus 


or system input port. The MX7821 has an overflow output 
for cascading 
devices 
to attain higher resolution. 
The 
ADC's input/reference 
arrangement 
enables ratiometric 


operation. 


Digital-Signal 
Processing 


High-Speed 
Data Acquisition 


Telecommunications 


High-Speed 
Servo Loops 


Audio Systems 


12 
VREF11 
VREF- 
VIN 1 


00-07 
DATA 
OUT 
PINS 
2-5, 
14-17 


~III~JXI~III 
400ns ~P-Compatible, 


B-Sit ADC with Tracie/Hold 


• 
400ns Conversion 
Time 


• 
20-Pin Narrow DIP Package 


• 
No External Clock 


• 
Pin-Compatible 
Upgrade for AD7820 


• 
100kHz Input Signal Bandwidth 


• 
Bipolar/Unipolar 
Inputs 


• 
Single/Dual 
+SV Supplies 


• 
Ratiometric 
Reference Inputs 


• 
Static and Dynamically 
Tested 


• 
Internal Track/Hold 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MX7821KN 
O"C to+70"C 
20 Plastic DIP 


MX7821 KCWP 
OT to +70"C 
20 Wide SO 


MX7821KP 
O"Cto +70"C 
20PLCC 


MX7821 KC/D 
O"Cto +70"C 
Dice' 


MX7821BO 
-40"C to +85"C 
20 Plastic DIP 


MX7821BEWP 
-40'C to +85'C 
20 Wide SO 


MX7821TE 
-55'Cto 
+125'C 
20 LCC" 


MX7821TO 
-55'C to + 125'C 
20 CERDIP" 


, Contact factory for dice specifications 
. 
•• Contact factory for availability 
and processing 
to MIL -STD-883. 


_______ 
Pin Configurations 
__ 


Voo 


VSS 


OFL 


07 


D6 


05 


04 
cs 


VREF+ 


VREF- 


..IIII..IJ X 1..1111 


AN-8 
MAX310 
MAX311 
MAX404 
MAX405 
MAX452 
MAX453 
MAX454 
MAX455 
MAX456 
MAX457 
MAX900 
MAX901 
MAX902 
MAX903 
MAX905 
MAX906 


Designing 
with High-Speed. 
low-Power 
Analog 
Integrated 
Circuits 
8-9 
CMOS 
RFNideo 
Multiplexers 
8-17 
CMOS 
RFNideo 
Multiplexers 
8-17 
Video 
Operational 
Amplifier 
8-25 


Precision 
Video 
Buffer 
Amplifier 
8-29 


CMOS 
Video 
Multiplexer/Amplifier 
8-37 


CMOS Video 
Multiplexer/Amplifier 
8-37 


CMOS 
Video 
Multiplexer/Amplifier 
8-37 


CMOS 
Video 
Multiplexer/Amplifier 
8-37 


Crosspoint 
Video Switch 
8-45 


Dual CMOS 
Video Amplifier 
8-47 


High-Speed, 
low-Power 
Quad Voltage 
Comparator 
8-51 


High-Speed, 
low-Power 
Quad Voltage 
Comparator 
8-51 


High-Speed, 
low-Power 
Quad Voltage 
Comparator 
8-51 


High-Speed, 
low-Power 
Quad Voltage 
Comparator 
8-51 


High-Speed, 
Clocked 
D-Flip 
Flop. ECl 
Voltage 
Comparators 
8-63 


High-Speed. 
Clocked 
D-Flip 
Flop, ECl 
Voltage 
Comparators 
8-63 
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180MHz Video Buffer Guarantees 
0.99V IV Gain Over Temperature 
Truest Video Images: 
0.010/0003% Differential Phase/Gain 


The 
new 
MAX405 
180MHz, 
precision 
buffer 
GUARANTEED! 
amplifier 
combines 
superior 
differential 
gain 
and 
0.99VN 
MIN GAIN, 
<0.1% 
NONLINEARITY 
phase 
with a 650V /!J.s slew rate while operating 
from 
±5V supplies. 
SupeIior 
unadjusted 
DC gain is guaran- 
teed to be greater 
than 
0.99V IV 
over -40'C to +85'C 
with loads as low as 500, 
a 7x improvement 
over the 
HA-5033 video buffer. 
The MAX405 comes in compact 
8-pin DIP or SO packages 
and unlike existing buffers, 
access 
to the 
inverting 
input 
allows 
accurate 
gain 
adjustment 
from 0.99V /V to 1. IV/V which eliminates 
additionai 
gain-adjusting 
components. 
The 
MAX405, 
with 
a guaranteed 
60rnA 
con- 
tinuous 
output 
current, 
directly 
drives 
three 
500 
loads 
to ±lV, or as many 
as four 
1500 
loads 
(four 
750 back-terminated 
loads) to ±2.25V. The MAX405's 
superior 
precision 
and 
speed 
make 
it 
the 
Ideal 
choice 
as a 500 
and 
750 
coaxial 
cable 
driver 
for 
NTSC, PAL and 
SECAM video signals. 


8x:8 Video Crosspoint Switch 
Replaces 20 ICs 
Digitally Controlled Matrix Connects Any Input to Any Output 


The MAX456 is the first monolithic 8x8 video crosspoint 
switch that routes standard 
video signais (NTSC, 
PAL, SECAM). With a seIiai or parallel digitally controlled 8x8 switch matrix. control logic, and eight 35MHz, 
250V /!J.s output buffer amplifiers, the MAX456 significantly reduces component 
count, board space and cost 
over discrete 
designs. 
In addition, 
a single package 
solution 
significantly 
reduces 
stray capacitance 
and 
increases 
the reliability over multi-chip 
aiternatives. 
And with three-state 
outputs, 
multiple MAX456s can 
be paralleled 
to form larger switch networks 
without external buffertng. 


Each output buffer amplifier Is capable of drtving 4000 and 20pF to ±1.3V. 


For applications 
that require 750 or 1500 drtve capability, the MAX456 outputs 
can be connected 
directly to four MAX457 (dual) 70MHz, unity gain stable video 
amplifiers, or eight MAX405 precision video buffer amplifiers. 


In a typical application, 
a single MAX456 
replaces 8 MUXs, 


8 buffers, 6 logic ICs, and many passive 
components. 
In 
other applications, 
it may replace 
over 64 switch 
ICs. 


ANALOG 
DESIGN GUIDE 


1 
Multiplexers, 
SWitches, Military 


2 
Interlace Products 


3 
Dp Amps 


4 
DC-DC Converters, 
Power Suoplies 
5 
!J.PSupervisory 


6 
Analog Fillers 


7 
AID Converters 


8 


: High Speed: 
: Video 
Comparators 


9 
DIA Converters 


8ns, 18mW TTL Comparators 
Operate From a Single +5V Supply 
First High-Speed Comparators With An Input Voltage Range 
That Extends to Ground 


The MAX900/901/902/903 
are the fastest 
low- 
power TIL compatible 
single. 
dual 
and 
quad 
high 
speed 
comparators 
with superior 
single supply 
per- 


formance. 
No other comparators 
offer the combina- 
tion 
of an 
8ns 
response 
time 
while 
draWing 
only 
3.6mA (l8mW) 
per comparator 
from a +5V supply. 


And since many low-power applications 
operate 
from 
a single 
supply, 
the 
MAX900-903's 
input 
voltage 
range 
(CMVRJextends 
all the way to ground 
to pro- 
vide 
a 
wide 
common 
mode 
input 
voltage 
range 


without 
the need for a negative 
supply. 
For noise 
sensitive 
applications, 
the MAX900- 


MAX903 can be powered 
from separate 
analog 
and 
digital supplies. 
The analog supply can range from 5V 
to 10V with the negative supply grounded. 
or from a 


dual ±5V supply. 


80MHz Video Op Amp-O.Ol 0/0.05% 
Diff Phase/Gain From +5V Supplies 
Stable While Driving Unlimited Capacitive Loads 


The MAX404 high-speed 
opera- 
tional amplifier offers exceptional AC 
performance, 
output 
drive 
and 


stability 
while operating 
from ±5V 
power supplies. 
Optimized for video 
and other high-speed 
applications 
at 
a gain ~ 2VIV. this op amp features 
a 500V /~s slew rate, an 80MHz gain- 
bandwidth. 
and superior 
differential 


phase 
and gain from ±5V supplies. 


The MAX404 is easy to use because 
it maintains 
stability 
while driving 
unlimited 
capacitive 
loads to make 


it less susceptible 
to oscillations 
typical 
in high-speed 
amplifier 
applications. 


Unlike current-feedback 
amplifiers, 
the MAX404 can be used in virtually 
all high-speed 
op amp 
applications 
because 
it has a fully symmetrical 
differential input, 
a 70dB common-mode 
rejection ratio 


(CMRRj, and a 66dB open-loop gain. 


As a 750 back-terminated 
video coaxial cable dnver (AvCL=2, VO\.IT=2V).full-power bandwidth 
is 


greater than 40MHz to ensure 
the NTSC. PAL. or SECAM video signal is well within the op amp's linear 
region. 
And with a guaranteed 
50mA continuous 
output 
current, 
as many as three 
1500 loads can be 
dnven to ±2.5V for video distnbution 
applications. 
The MAX404 is available in an 8-pin DIP or SOIC 
package. 


50MHz-8-Channel 
Video Mux/ Amp 
Drives 75Q Loads 
First Video Mux/ Amps Reduce 
Capacitance. 
Board Space and Cost 


The MAX453/MAX454/MAX455 
combine 
a 
video amplifier with a 2, 4, or 8-channel 
multi- 
plexer in a single mini-DIP or SO package. 
The 
single IC solution dramatically 
reduces 
stray cir- 
cuit capacitance, 
board 
space and cost over the 
discrete multiplexer 
and amplifier alternative. 
Each 
mux/amp 
contains 
a 50MHz unity 
gain stable 
video amplifier 
that 
directly 
drives 
a 750 
load or two 1500 
loads 
(750 back-ter- 
minated 
loads) 
to 
±IV. 
The 
input 
of each 
mux/amp 
consists 
of a 2, 
4 or 
8-channel 


break-before-make 
multiplexer 
with 
an 
ex- 
tremely 
low 7pF on-channel 
input 
capacitance 
and 
70dB off isolation 
at 4MHz. 
Typical 
applications 
include 
video 
signal 


multiplexing 
and video crosspoint 
switching 
for 
The MAX4531454/455ere 2-, 4-, and khlnnel 
muHlple.e,. 
w"h an 


surveillance 
systems or consumer 
video systems. 
on-boa,d 
50MHz amplHII' capable 
of driving 750coI.lal 
cabla. 


lOOMHz Video Multiplexers 
Offer 
76dB Isolation 
S-ehannel 
Mux Operates 
from ±4.5V to ±lSV Supplies 


The MAX310 and MAX311 100MHz CMOS analog multiplexers 


have an enhanced 
series-shunt-series 
T structure 
to provide 76dB 


single channel 
"OFF" isolation at 5MHz, or when all channels 
are 
driven with the multiplexer 
disabled, isolation is 63dB at 5MHz. 
The MAX310 is a single- 


ended 
eight-channel 
multi- 


plexer 
and 
the 
MAX311 is 


designed 
as 
a four-channel 
differential 
multiplexer. 
Un- 


like other video multiplexers, 
these 
devices 
operate 
with 


standard 
supply 
voltages 
Suparlor 
Iloialion 
(76dB) la thl 
reluH of thll 
ranging 
from ±4.5V to ±18V. 
unlqueCMOSN-ehlnneIT-swHcharchHeclure. 


Break-before-make 
switching 
is guaranteed. 
Applications 
include 
automatic 
test 
equipment, 
medical 
ultrasound 
phased 
array systems, 
data logging or any video multi- 
plexing application. 
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Unique Architecture 
Breaks the Input-to-Output 
Feedback Path 
The MAX905 and 
MAX906 are 
the 
first 
ultra 
high-speed. 
precision. 
single 
and 
dual 
ECL 
comparators 
that 
eliminate 
oscillations 
caused 
by unwanted 
parasitic 
feedback. 
A master/slave. 


edge-triggered 
D-flip/flop 
architecture 
eliminates 
oscillations 
by breaking 
the 


feedback path between the Input and the 
output 
of the 
comparator. 
And unlike 
other ECL comparators. 
this architecture 
makes it possible to resolve Input voltages 
as small as 1.5mV. 
With a 2ns data-to- 
clock 
set-up 
time, 
input 
signals 
up 
to 


500MHz may be distinguished 
without os- 
cillation. 


The MAX905/906 propagation delay is 
independent 
of Input 
overdrive 
voltage. 


Whether 
the 
input 
overdrive 
is 5mV or 
500mV. propagation delay is under 3ns. 
The 
MAX905/906 
have 
separate 


analog and digital supplies 
to isolate the noisy digital circuitry from the sensitive analog input section. 


The input common-mode 
voltage range extends all the way to the negative supply rail for a wide 7.9V 
Input voltage range with ±5V supplies. 
The digital inputs and outputs 
are MECL 10K compatible. 


The MAX9051906 single 
and dual ECl comparalors 
break Ihe signal 


path between 
the Inpuland 
oulpUllo 
eliminate 
osclllallon 
due to 


parasitic feedback common in other high-speed comparators. 


8ns, PROGRAMMABLETHRESHOlD TTLCOMPARATORREPLACES3 ICS 


8-Bit Code Adjusts Input Threshold Voltage 
The 
MAX910 is the 
first 
high-speed 
com- 
parator to include an 8-bit 
DAC with 
voltage 
refer- 
ence 
to 
set 
the 
input 
threshold 
voltage 
of the 
comparator. 
For 
high- 
speed comparator 
applica- 
tions where the threshold 
voltage 
must 
be updated 
rapidly. such as automatic 
test 
equipment 
(ATE) or 
process 
control 
applica- 


tions. 
the 
MAX910 
provides 
a complete. 
single 
IC solution 
which 
significantly reduces stray 
capacitance. 
board space. 


design time. and cost. The 
comparator's 
8-bit 
programmable 
input 
threshold 
voltage 
can be 
updated 
through 
its full-scale range In 50ns. 
Capable of recognizing input signals up to IOOMHz.the 
MAX910 will respond 
to a change in the input within 8ns. 


For high-speed 
ECL systems. 
the MAX911 ECL-compatible 
comparator 
has a 2ns propaga- 
tion delay with fully differential 
outputs. 


0: 
TTL Compatible 
Comparator 
Output 
(SVldlv) 


c: 
Analog Input 
Signal 
to Non-Inverting 


Comparator 
Input 
(l00mVldlv) 


OpAmps 


Unity 
Supply 
Supply 
Price! 
Part 
Ves 
TCVes 
IBIAS 
GBW 
Voltage 
Current 
1000-up 
Number 
(mV)max 
(!IVrC)max 
(nA)max 
(MHz) 
(V) 
(mA)max 
Features 
($) 


MAX400 
10-1511V 
0.3 
2 
0.4 
±3to±18 
4 
Ultra-low 
Vas & drift 
5.16 
non-chopper 
stabilized 


MAX402 
2 
25 
5 
2 
±5 
7511A 
High-speed, 
7V /llS slew rate, 
1.98 
micropower 


MAX403 
2 
33 
25 
10 
±5 
37511A 
High-speed, 
40V /lls slew rate, 
2.75 
micropower 


MAX406 
0.5 - 2.0 
10 
10pA 
0.008-0.040 
+2.5 to +10 
1.211A 
Lowest-power, 
single supply, 
2.54 
output 
swings 
rail-to-rail 


MAX408/28/48 
6 -12 
15- 20 
1.111A 
100 (Ay;;' 3) 
±5 
10/amp. 
Single/ 
dual! quad high-speed, 
3.02/4.06/6.74 
high output 
current 


MAX420/422 
5-1O!lV 
0.05 
0.03 - 0.10 
0.125 - 0.5 
±15 
0.5-2 
±15V chopper 
stabilized 
3.77/4.21 


MAX421/423 
5-1011V 
0.05 
0.03 - 0.10 
0.125 - 0.5 
±15 
0.5 - 2 
±15V chopper 
stabilized 
with clamped 
4.21/4.57 
output 
and INT /EXT clock option 


MAX425/426 
511V 
0.05 
10pA 
0.35-12 
±5 
1.4 
Lowest noise & drift, superior 
non-chopper 
tt 
CF 
error correction, 
no clock ripple 
noise 


U1 
MAX430/432 
511V 
0.05 
0.1 
0.125 - 0.5 
±15 
0.5-2 
±15V chopper 
stabilized 
with internal 
caps 
4.80/5.29 


MAX480 
7011V 
1.5 
3 
0.02 
±O.8 to±18 
1511A 
Low Vas & drift, micropower, 
3.68 


±1.6to±36 
single supply, 
input/output 
extend 


to negative 
rail 


ICL7611 
2-15 
10 - 25 
0.05 
0.044 -1.4 
±1.0 to±8 
0.02 - 2.5 
Programmable 
quiescent 
current 
1.58 


ICL7612 
5-15 
15 - 25 
0.05 
0.044 -1.4 
±1.0 to ±8 
0.02 - 2.5 
Programmable 
quiescent 
current, 
1.81 
CMVR> 
negative 
rail 


ICL7614 
2-15 
15-25 
0.05 
0.48· 
±1.0 to ±8 
0.25 
External 
compensation 
0.95 


ICL7616 
2 -15 
15-25 
0.05 
0.044 -1.4 
±1.0 to ±8 
0.02 - 2.5 
Programmable 
quiescent 
current, 
1.62 
CMVR > negative 
rail 


ICL7621/7622 
5 -15 
15-25 
0.05 
0.48 
±1.0 to ±8 
0.25 
Dual low IOtAS& las 
1.55/1.48 


ICL7631/7632 
5-20 
15-30 
0.05 
0.044 -1.4 
±1.0 to±8 
0.022 - 2.5 
Triple op amp, programmable 
quiescent 
2.27/2.12 
current-ICL7632 
is externally 
compensated 


ICL7641/7642 
5-25 
15-30 
0.05 
0.044 -1.4 
±1.0 to±8 
0.015 - 2.5 
Quadopamp 
1.70/1.91 


ICL7650 
5-1011V 
0.05 - 0.10 
0.01- 0.02 
2 
±5 
2 
Industry-standard 
chopper 
stabilized 
2.39 


ICL7652 
5-1011V 
0.05 
0.03 
0.45 
±5 
2 
Low noise industry-standard 
chopper 
3.06 
stabilized 


• 
External 
39pF compensation 
capacitor 
added. 


t 
Prices prOVided are for design guidance 
and are FOB USA. lnternational 
prices will differ due to local duties, 
taxes, and exchange 
rates. 


tt Future 
products 
- contact factory 
for pricing 
and availability.I 


_______________ 
Op Amps (continued) 


Part 
Number 
LTlOOl 
LTl028 
OP07 
OP27 
OP37 
0P90 


Unity 
Supply 
Supply 
Prleet 
Vos 
TCVos 
IBIAS 
GBW 
Voltage 
Current 
1000-up 
(uV) 
(gVrC) max 
(nA) max 
(MHz) 
(V) 
(mA) max 
Features 
($) 


15- 60 
0.6- 1 
2 - 4 
0.8 
±3 to ±18 
2 
Industry-standard precision 
1.75 
40 - 80 
0.8- 1 
90 - 180 
75 (Av > 2) 
±4 to ±18 
9.5 - 10.5 
Lowest noise, high-speed 
4.21 
25 - 150 
0.6 - 2.5 
2 - 12 
0.6 
±3 to ±18 
4 
Industry-standard precision 
0.97 
25-100 
0.6-1.8 
40-80 
8 
±3to±18 
4.6-5.6 
Industry-standard low noise 
tt 


25-100 
0.6-1.8 
40-80 
63(Av~5) 
±3to±18 
4.6-5.6 
Industry-standard low noise 
tt 


150- 450 
2 - 5 
15- 25 
0.020 
±0.8 to ±18 
15- 20j.lA 
Industry-standard micropower 
1.65 
±1.6to±36 


High-Speed Comparators 


Prieet 
Part 
Latched 
Supply Current 
Tpd 
100o-up 
Number 
#Comps 
Logic 
Outputs 
(mA)max 
(ns)typ 
Features 
($) 


MAX900 
4 
TTL 
YES 
33 
8.0 
Single +5Vcapability, low power, CMVR 
7.01 


extends to neg. rail, separate analog & 


If' 
digital supplies, Internal pull-up resistors 


en 
MAX901 
4 
TTL 
NO 
33 
8.0 
MAX900without output latch 
5.98 
MAX902 
2 
TTL 
YES 
17 
8.0 
DualMAX900 
tt 


MAX903 
1 
TTL 
YES 
8.5 
8.0 
Single MAX900 
tt 


MAX905 
1 
ECL 
YES 
38 
2.0 
Edge Triggered Master/Slave architecture 
tt 


eliminates oscillations and resolves 
ImV input voltages 
MAX906 
2 
ECL 
YES 
38 
2.0 
DualMAX905 
tt 


MAX910 
1 
TTL 
YES 
60 
5.0 
High-speed TTL-compatible comparator 
tt 


with 8-bit digitally programmable input 
voltage threshold and on-board reference 
MAX911 
1 
ECL 
YES 
62 
2.0 
MAX910with differential ECLoutputs 
tt 


MAX96{l5 
1 
ECL 
YES 
54 
1.3 
Higher speed industry-standard 
3.38 


MAX9686 
1 
TTL 
YES 
45 
6.0 
Higher speed industry-standard 
2.31 


MAX9687 
2 
ECL 
YES 
114 
1.4 
Higher speed industry-standard 
5.12 


t 
Prices prOVidedare for design gUidanceand are FOBUSA. International prices will differ due to local duties, taxes, and exchange rates. 
tt Future products - contact factory for pricing and availability. 


Video Products 


Unity 
Output 
Supply 
Pricet 


Part 
GBW 
Slew Rate 
Vos 
Current 
Voltage 
IBIAS 
1000-up 
Number 
(MHz) 
(V/!ls) 
(mV) max 
(mA)max 
(V) 
(nA)max 
Features 
($) 


VIDEO AMPLIFIERS 


MAX404 
80(Av~2) 
500 
8 
50 
±5 
31'A 
Broadcast 
quality 
video op amp 
tt 
0.01'/0.05% 
diff phase/gain, 
symmetrical 
inputs, 
70dB CMRR, 


66dBAvOL 
MAX408/28/48 
loo(Av~3) 
90 
6-12 
SO/amp 
±5 
1.ll'A 
Single, dual, quad 
op amps, 
3.02/4.06/6.74 
high output 
drive 


MAX452 
50 
300 
5 
14 
±5 
10 
Unity gain stable, drives 
75Q coax cable 
2.40 


MAX457 
70 
300 
5 
15 
±5 
1 
Dual, unity gain stable, drives 
75Q 
4.45 
coax cable 


VIDEO BUFFERS 


MAX405 
180 
650 
4 
60 
±5 
21lA 
Broadcast 
quality, 
4.25 


co 
0.99V /V gain guaranteed 
over temp, 
.:.. 
0.01'/0.03% 
diffphase/gain 


MAX460 
140 
1500 
5-10 
100 
±15 
0.05- 0.1 
FET input, 
EL2005, LH0033 upgrade 
19.78 


LH0033 
100 
1400 -1500 
5-20 
100 
±15 
0.1 - 0.5 
FET input, 
improved 
industry-standard 
13.67 


LH0063/BB3553 
300 
2000 
25-50 
200 
±15 
0.2 - 0.5 
FET input, industry-standard 
23.51/24.99 


VIDEO MULTIPLEXER/ 
AMPLIFIER 


MAX453 
50 
300 
5 
14 
±5 
10 
Video amplifier 
with 2-channel 
video mux 
3.94 


MAX454 
50 
300 
5 
14 
±5 
10 
Video amplifier 
with 4-channel 
video mux 
5.25 


MAX455 
50 
300 
5 
14 
±5 
10 
Video amplifier 
with 8-channel 
video mux 
8.75 


Unity 
Part 
GBW 
Number 
(MHz) 


VIDEO CROSSPOINT 
SWITCH 
MAX456 
35 


Slew Rate 
(V/!ls) 
Vos 
(mV)max 
OFF Isolation 
(dB at 5MHz) 
Crosstalk 
(dBat5MHz) 


Pricet 


1000-up 
($) 


8x8 crosspoint 
switch array 
with 8 output 
buffers, three-state 
capability 


t 
Prices prOVided are for design 
guidance 
and are FOB USA. International 
prices will differ due to local duties, 
taxes, and exchange 
rates. 


tt Future 
products 
- contact factory for pricing 
and availability. 
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Designing With High-Speed, I.ow-Power 


Analog Integrated Circuits 


The variety 
of high 
speed 
analog 
integrated 
circuits 
currently available 
is allowing circuit designers 
to incor- 
porate increasingly 
complex 
functions 
into ever smaller 
packages. 
The growing complexity 
and decreasing 
size 
of these systems means that more high speed 
analog 
and digital signals must be routed at close proximity to 
each other on the circuit 
board. 
The potential 
for un- 
wanted coupling 
between these signal paths increases 
as the distance 
between them decreases. 
_ Optimize High Speed Performance 
With Careful 
Soard Layout 


In high 
frequency 
applications, 
ordinary 
circuit 
com- 
ponents such as conductors, 
resistors and 
capacitors, 
no longer behave as simple elements with no parasitic 
effects. 
Parallel circuit board traces and interconnecting 
cables become coupling capacitors, 
and the inductance 
of circuit 
board 
traces 
and component 
leads can no 
longer be neglected. 
Crosstalk, instability and decreased 
rise times of high speed 
signal edges 
are some of the 
problems that are caused by component 
parasitics. 


Thoughtful integrated 
circuit design and pin assignment 
reduces the impact of component 
parasitics 
on system 
performance 
For example, 
the MAX456 8 x 8 video 
crosspoint 
switch integrates 64 video switches, 8 output 
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buffers and digital control logic into a 40 pin DIP or 44 
pin 
PLCC 
package. 
Typical 
applications 
include 
microprocessor 
controlled 
video surveillance, 
medical 
imaging systems, or video editing systems. 


The pin assignment 
of the MAX456 DIP and PLCC pack- 
ages simplifies 
the task of printed 
circuit board 
layout. 


Examination of the pin configurations 
of this part, shown 
in Figure 1, reveals that no two input signals or output 
signals 
are located 
on adjacent 
pins. 
Also, the input 
signals are not located near any of the output signals or 
the most active digital control 
lines. 
The separation 
of 
these signals on the IC package allows the printed circuit 
board designer 
to minimize crosstalk 
in the system by 
inserting ground traces between all active signal paths. 


To understand 
how ground traces cut down on unwanted 
signal coupling, 
refer to Figure 2. Figure 2a shows the 
representation 
of two parallel conductors 
located close 
to each other over a ground plane, with no ground trace 
between them. 
Figure 2b is the equivalent 
circuit of the 
capacitive 
coupling t~at takes place between signals on 
the two conductors 1. 


In this model, VIN represents the active signal on trace 1, 
C12 is the stray capacitance 
between 
the conductors, 
C1G and C2G are the respective 
capacitances 
between 
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. 
1 
V(NOISl')~ IwRC,2 VIN IF R < < iW(C,2+C2gj 


C,2 


'"H' '"! "I 1- 


6) EQUIVALENT CIRCUIT 


Figure 2 


each conductor 
and the ground 
plane. 
R is the resis- 
tance from trace 2 to ground and VNOISE represents the 
induced 
noise voltage, 
or crosstalk, 
on trace 2 due to 
capacitive 
coupling 
of the signal on trace 1. 


For most practical applications, 
R will have a much lower 
impedance 
than 
the 
combined 
impedance 
of 
capacitance 
C12 and C2G, in which case VNOISE can be 
expressed 
as follows: 


VNOISE = jwRC12 VIN 


This equation 
shows that the induced 
noise voltage on 
trace 2 is proportional 
to the frequency 
and amplitude 
of 
the signal source on conductor 
1 (VIN), the capacitance 
between the conductors 
(C12) and the resistance 
from 
conductor 
2 to ground 
(R). 
Assuming 
that we have no 
control over the signal source, the induced noise voltage 
on conductor 
2 can be reduced 
by one of two ways: 


1) Reducing the capacitance 
between the conductors 


2) Using the minimum value of resistance possible from 
conductor 
2 to ground. 
Capacitance 
between 
conductors 
can be reduced 
by 
orienting 
the conductors 
at 90· angles to each other or 
by separating 
them. 
Neither of these options 
is very 
practical 
for high-density 
circuit 
boards. 
Minimizing 


resistance values in high speed systems to limit parasitic 
effects 
is common 
practice 
and 
is strongly 
recom- 
mended. 


When a ground trace is inserted between 
the two con- 
ductors, 
as shown 
in Figures 
2C and 
20, 
the 
stray 
capacitance 
between adjacent conductors 
will effective- 


ly shunt 
any induced 
signal 
from trace 
1 directly 
to 


MAX456 ALL-CHANNEl 
CROSSTALK 
vs. 


STRAY CAPACITANCE 
BETWEEN INPUTS 


o 


-10 


<g 
-30 


""~ 
-40 
~ 
:E 
-50 
S 


10 
100 


CAPACITANCE (pF) 


Designing With High-Speed, Low-Power 


Analog Integrated Circuits 


ground, and trace 2 will be relatively unaffected by signals 
on trace 1. The inverse of this statement also holds true. 


For a practical 
representation 
of the 
effect 
of stray 
capacitance 
on crosstalk, 
see Figure 3. This figure is a 
plot of the isolation of one MAX456 input channel from all 
others versus the "stray" capacitance 
that is externally 
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Figure 4 


introduced 
between 
the selected 
channel 
and the un- 
selected 
channels. 
This parameter 
is specified 
in the 
data sheet as "All-Channel 
Crosstalk" and is measured 
using the circuit configuration 
shown in Figure 4. 


With no external capacitance 
between 
input channels, 
the 
typical 
specification 
for 
MAX456 
All-Channel 
crosstalk (isolation between input channels) is 57dB with 
a 5MHz input signal. 
Figure 3 shows that this isolation is 
reduced to 32dB with only 10pF of external capacitance 
introduced 
between 
input 
channels 
10pF 
of 
capacitance 
could easily be introduced 
between 
input 
channels if proper layout practices 
are not followed2. 


______ 
Stray Capacitance 
and 
Stability 
in High Speed Amplifiers 


Crosstalk 
through 
stray 
capacitance 
can 
also 
be 
troublesome 
to high frequency 
amplifier and comparator 
circuits. 
To prevent oscillation 
in op amp circuits, 
it is 
essential to isolate the non-inverting 
input terminal from 
the amplifier output terminal. 


The circuit in Figure 5 has the MAX452 configured 
with a 
non-inverting 
gain of +2V/V (6dB) 
This circuit 
is com- 


monly used to drive a back terminated 75Q coaxial cable. 
This circuit 
configuration 
provides 
unity gain from the 
input of the MAX452 to the output of the cable, 
while 
eliminating 
signal reflections within the cable. 


Figure 6 is a plot of the pulse response of this circuit to a 
2Vp-p 
input square 
wave. 
This test circuit 
was con- 


structed on a double sided copper clad board, with good 
isolation between 
signal traces and a ground 
plane on 
both sides of the board. 
The output square wave is a 
clean representation 
of the input waveform. 
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To illustrate the effect of unwanted positive feedback 
due 
to stray capacitive 
coupling, 
a 47pF capacitor 
was intro- 
duced 
between the output of the MAX452 and the non- 
inverting input, represented 
as Cs in Figure 5. The output 
of the circuit under these conditions 
is plotted in Figure 
7. Notice the severe oscillation that results when positive 
feedback 
is present in the circuit. 


_ 
Stray Capacitance 
and Stability 
in High Speed Comparators 


In high-speed 
comparator 
circuits, 
unwanted 
negative 
feedback 
is more troublesome 
than positive feedback. 


Positive feedback 
is often intentionally 
added 
to com- 
parator 
circuits 
to provide 
hysteresis. 
This limits the 
amount 
of time that the comparator 
operates 
with its 
inputs in the linear region. 


Comparators 
are designed 
for maximum open loop gain 
and minimum 
internal frequency 
compensation. 
High 
open loop gain increases the accuracy 
of a comparator 
by decreasing 
the amount of input overdrive that causes 
a level transition 
at the output. 
Minimizing 
frequency 
compensation 
reduces 
the response 
time of the com- 
parator. 


Unfortunately, 
these same attributes that maximize com- 


parator performance 
also result in a strong tendency 
for 
oscillation 
if the comparator 
inputs are held in their linear 
region. 
Negative feedback 
in comparator 
circuits is un- 


desirable 
for this reason. 


The effects of negative feedback 
in comparator 
circuits 
can be compared 
in Figures 8 and 9. Figure 8 shows the 
input and output waveforms for the MAX9686 comparator 
operated 
with no feedback. 
The input waveform 
is a 
50MHz 
sine wave 
Compare 
the output 
waveform 
of 


MAX9686 WITH NO FEEDBACK 
RESPONSE 
TO 50MHz SINE WAVE INPUT 


Figure 
8 (no feedback) 
with that of Figure 
9, where 
negative feedback 
has been introduced 
into the circuit 
in the form of a 10pF capacitor 
from pin 3 (IN-) to pin 7 
(OUT). 
An oscillating 
output 
signal 
is apparent 
when 
negative feedback 
is present. 


Figure 9 


To reduce 
signal 
coupling 
through 
parasitics, 
ground 
planes should be used on both sides of the circuit board 
whenever possible. 
All areas of the circuit board that are 
not dedicated 
to a specific signal trace should be part of 
the ground plane. 
In addition, all sensitive circuit nodes 
such 
as non-inverting 
amplifier 
inputs, 
inverting 
com- 
parator 
inputs, 
and any high impedance 
node 
in the 
circuit, 
where low level signals are present, should be 
encircled 
by a ground trace. 


____ 
Power Supply Bypassing 
and Parasitic 
Inductance 


An ideal power distribution 
system has zero impedance 
between 
the power source and the power supply 
con- 


nections to all of the circuit devices. 
Power supplies for 
high speed devices should have infinite DC impedance 
and zero AC impedance 
to ground (the characteristics 
of an ideal capacitor) 
when measured 
directly 
at the 
device power supply pins. 


Unfortunately, 
no power distribution 
system is ideal. 
In 
fact, even at relatively low frequencies, the inductive reac- 
tance of a short (inch) power supply connection 
can be 
very significant. 
In addition to being a source of unwanted 
coupling, 
this inductance 
is also a source of circuit 
in- 


stability if it resonates with capacitance 
in the circuit. 


Proper 
power 
supply 
bypassing 
and good 
PC board 
layout is the most effective means to limit parasitic induc- 


tance. 
When a component 
is properly bypassed, the AC 
load current to the device is supplied by the local bypass 
capacitor, effectively eliminating the common impedance 
between power supply connections 
to different devices. 


For high current 
output 
devices, 
proper 
power supply 
decoupling 
should 
include 
a good 
energy 
storage 
capacitor 
(tantalum or aluminum electrolytic) 
in parallel 
and in very close proximity to a capacitor 
with good high 
frequency 
characteristics 
(a low inductance 
type such as 
ceramic). 
For high speed, 
low current applications, 
a 
ceramic capacitor 
alone should be sufficient. 


______ 
MAX405 
High Speed 
Buffer Amplifier 


A typical 
video 
distribution 
system consists 
of several 
amplifiers, switches, multiplexers 
and other components 
cascaded 
together. 
Each of the components 
in the 
signal path contributes 
errors to the final output signal. 


The types of errors added by these components 
include 


1) 
DC gain error 


2) 
Differential gain error 


3) 
Differential phase shift 


Amplifiers 
used in video systems are required to amplify 
wideband 
signals, usually at a low closed-loop 
gain such 
as OdB or +6dB. 
To satisfy these requirements, 
video 
amplifiers are designed 
to maximize bandwidth, 
often at 
the expense of open-loop 
gain. 
The low open loop gain 


of video amplifiers, 
combined 
with losses in other com- 
ponents in the video signal path, result in significant 
gain 
or amplitude 
error in the output signal of the system. 


The MAX405 high speed buffer amplifier is ideal for ap- 
plication as the output buffer amplifier for video systems. 
This device features a guaranteed 
minimum unadjusted 
gain of o 99V/V when driving a 500 load over its full rated 
operating 
temperature 
range. 
Unlike 
other 
buffer 
amplifiers, the inverting input of the MAX405 is accessable 
to the user. 
This input can be connected 
to an external 
voltage 
divider 
to adjust the DC gain from 0.99V/V to 
1.10V/V The adjustable gain of this device allows calibra- 
tion of the overall system gain in the output, instead of at 
each individual amplification 
stage in the system. 


A typical 
application 
circuit that takes advantage 
of the 
adjustable 
gain of the MAX405 is the video distribution 
amplifier of Figure 10. This circuit will drive 41500 
loads 
(4 back terminated 
750 coaxial cables) to ±2.25V. 
The 
receiving end of the cable will show a signal loss of -6dB 
due to the voltage divider formed by the 750 output load 
and the 750 back terminating 
resistor. 
The value of R1 
should 
be 
selected 
to 
provide 
the 
desired 
signal 
amplitude 
at the output of the MAX405. The approximate 
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Figure 
10. 
MAX405 
Video Distribution 
Amplifier 
with Adjustable 
Gain 
permissable 
range of values for R1 in this application 
would be from 00 to 1AkO, which would correspond 
to 
signal gains of 0.99V/V to 1.1OV/V 


The MAX405 will drive a 24M Hz, 6Vp-p signal into a 500 
load as shown in Figure 11. Other performance 
features 
of this part include 
a -3dB 
bandwidth 
of 180MHz, 
a 
650V/j.ls slew rate and a settling time of 35ns to 0.1%. 
The MAX405 also features excellent differential 
gain and 
phase characteristics 
(0.03%, 001 0) as discussed 
in the 
following section. 
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Figure 
11 


_ Differential 
Gain and Phase Error 


A NTSC (National Television Standards Committee) color 
video 
signal 
consists 
of a 3.58MHz 
color 
subcarrier 
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(chrominance 
signal) that is superimposed 
on the low 
frequency 
luminance 
(brightness) 
signal 
of 
a 
monochrome 
video system. 
Differential gain and phase 
error are non-linear signal distortions of the chrominance 
signal of a color video system. 
These error terms can be 
defined as follows: 


1) Differential 
gain error is the change 
in the amplitude 
of the chrominance 
signal as the luminance signal is 
varied from the blanking level (OV,OIRE) to the white 
level (0.714V, 1001RE) 


2) Differential 
phase error is the change 
in the phase of 
the chrominance 
signal as the luminance 
signal 
is 
varied from the blanking 
level to the white level. 


Differential 
gain 
and 
phase 
are measured 
using 
the 


modulated 
ramp 
waveform 
shown 
in Figure 
12. 
The 


chrominance 
signal in this test waveform 
has a typical 
peak-to-peak 
amplitude 
of 40lRE 
(0.286V), 
and 
is 


centered 
around the luminance 
ramp 


I 


~ 
DIRE 
~ 


specifications 
for broadcast 
quality color video systems 


mandate 
even more stringent 
requirements 
for the in- 


dividual components 
in the system. 
The MAX405, with 
typical specifications 
for differential gain and phase error 
of 0.03% 
and 0.01 ° respectively 
at 25°C, is ideal for 


application 
in broadcast quality color video systems. The 


differential 
gain and phase performance 
of the MAX405 
over its full operating 
temperature 
range 
is plotted 
in 
Figure 13. 
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Figure 
12 


In color video applications, 
differential 
gain and phase 
error are critical specifications 
for an amplifier or buffer 


because they correspond 
to changes in the contrast and 
color of the displayed 
picture. 
For NTSC video systems, 
differential gain error of ±15% and differential phase shift 
of ±5° are the approximate 
error levels that are notice- 


able3 
While this may seem to provide 
a large error 
budget for differential 
gain and phase of a video system, 


in practice 
the majority of these errors are due to the 


transmission 
of the video signal over the airwaves. 


To prevent noticable errors in the transmitted 
color video 


signal requires that differential gain and phase errors for 
the transmitting 
and receiving ends the system be limited 


to a maximum 
of about 
0.1 % and 0.1°. 
These error 
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Many applications 
do not demand 
the same stringent 
level of differential 
gain and phase performance 
that is 
required of professional 
color video broadcast 
systems. 


Examples would include closed-circuit 
surveillance 
sys- 


tems 
for 
security 
or medical 
applications 
and 
any 


monochrome 
video system. 
For this type of system, the 


MAX452 and MAX457 single and dual video amplifiers 
and the MAX453, 
MAX454 
and 
MAX455 
video 
multi- 
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Designing With High-Speed, Low-Power 


Analog Integrated Circuits 


plexer/amplifiers 
provide 
excellent 
performance 
at low 
power and low cost. 
Figures 14 through 16 plot the dif- 
ferential gain and phase error of the MAX452, MAX453 and 
MAX457 video multiplexers/amplifiers 
over temperature. 


MAX453 DIFFERENTIAL 
GAIN AND PHASE 
ERRORvs. 
TEMPERATURE 


l 
1.S 
§ 


co 
1S 
e. 


~ 


coi 
z 
w 
« 
'2 
'"<t 
6: 
;:: 
« 


~ 


;:: 


OS 
os ~ 
i5 
i5 


o 
0 


-60 -40 -20 
0 
20 
40 
60 
80 100 120 140 


TEMPERATURE 
eCI 


O.S 


~ 
0.4 


co 
~ 
0.3 
z« 
'"« 
0.2I 
i5 
01 


vsl 


=±sl 


PHASE 
ERROR 
U 
/ 


./"fGAI~ 
ERRbR 


o 
0 
-60 -40 -20 
0 
20 40 
60 
80 100 120140 


TEMPERATURE 
eC) 


OS 


0.4 
§ 
e. 
co 


03 
~ 
w 
'2 
0.2 
6: 
<t 
;:: 


01 
~ 
i5 


______ 
Comparators Combine 
Versatility and High-Speed 
Performance 


For high-speed 
comparator 
applications 
requiring TTl or 


ECl 
output 
levels, 
Maxim 
provides 
a wide 
range 
of 


choices 
to 
meet 
most 
requirements. 
The 


MAX900/MAX901/MAX902/MAX903 
TTl 
output 
com- 


parators feature an unprecedented 
combination 
of high- 


speed, 
low-power 
performance. 
This 
device 
family 


features 
a typical 
propagation 
delay time of 8ns, while 
consuming 
only 18mW per comparator 
when operated 
with a +5V power supply. 
These parts, along with the 


MAX910 
TTl 
output, 
threshold 
programmable 
com- 


/"'I/J XI/"'I 


parator, will provide a valid TTl output signal when driven 
with a 100MHz, 20mVp-p sine wave, as shown in Figure 17. 


GNO 


INPUT 
(10mV/dlV) 


OUTPUT 
(1V/div) 


GNO 


The MAX900-MAX903 
comparators 
operate with a single 


supply voltage of +5V to + 1OV, or dual supplies 
of ±5V, 


with an input common 
mode 
range 
that includes 
the 


negative 
supply. 
These parts are available 
in several 
configurations 
including 
the MAX903 
single, 
MAX902 
dual and MAX900 quad comparator 
with latchable 
out- 
puts. 
For higher density applications 
that do not require 


latched 
outputs, 
the 
MAX901 
quad 
comparator 
eliminates the latch enable pins and is available in16 pin 
DIP and SO packages. 


The MAX910/MAX911 
comparators 
feature high-speed 
performance, 
programmable 
threshold 
voltages, 
and 


latched outputs 
The MAX910 has a single ended TTl 


compatible 
output with a typical 
propagation 
delay of 
8ns, while the MAX911 has a fully differential 
ECl-com- 
• 
patible output with a typical propagation 
delay of 2ns. 
• 


The 
threshold 
comparison 
voltage 
of 
the 


MAX910/MAX911 
is set by an internal8-bit 
DAC that has 


a pin selectable 
full-scale range of 2.55V or 5.10V. 
The 


data inputs to the DAC are latchable, 
so the threshold 
can 
be set once 
and 
then 
ignored 
until 
a different 


threshold voltage is required 
The multiplying 
configura- 
tion of the internal 
DAC allows the use of an external 


reference input for applications 
requiring greater resolu- 
tion for the threshold voltage. 


The internal 
DAC in the MAX910 
and MAX911 
has a 


typical output settling time of 50ns. This fast settling time 
and the short propagation 
delays 
of the comparators 


allow a complete cycle of updating the threshold voltage, 
comparing 
it to an input voltage 
and receiving 
a valid 
output to be accomplished 
in less than 60ns. 
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DAC 


OUTPUT 


(2V1div) 
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NON INVERTING 


COMPARATOR 
INPUT 


(100mV/div) 


D· 
COMPARATOR 


OUTPUT 
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Figure 
18 


Figure 18 is a photograph 
of the response of a MAX910 
during a complete 
cycle as described 
above. 
The time 
scale for al14 of the traces in Figure 18 is 10ns/div 
Trace 
A is the input signal to all 8 bits of the DAC as the input 
code is changed 
from all O's to all 1's. The vertical scale 
for Trace A is 2V/div. Trace B is the DAC output waveform 
as it responds to the full-scale output transition (-2.54V to 
+2.56V) set by the changing 
input code shown in Trace 
A Trace C is the signal on the non- inverting comparator 
input, which is switched from +2.6V to +2.5V, after waiting 
50nS for the DAC output to settle. 
Trace D is the output 
transition of the comparator 
(+5V to OV) which follows 
approximately 
8nS after the input transition. 
The time 
required for the completion of the entire cycle is about 58ns. 


The quick response 
of these comparators 
to threshold 


voltage changes make them excellent devices for use at 
the front end of multiple 
channel, 
high-speed 
data ac- 
quisition systems. 
In systems that require comparison 
of 
several input signals to different threshold 
voltages, the 
MAX910/MAX911 
will replace 
many comparators 
and 
voltage references. 


Separate 
Power Supply 
Connections 
and High-Speed 
Comparator 
Performance 


The MAX900-MAX903 
single, dual and quad high-speed 
comparators 
and the high speed, 
threshold 
program- 


mabie 
MAX910/MAX911 
all provide 
separate 
power 
supply pins for the input (analog) and the output (digital) 
stages. 
An advantage 
of this configuration 
is the ability 


to isolate the analog and digital 
parts of the system by 


using separate power supply and ground connections 
to 


the comparator. 
This prevents 
crosstalk 
from a noisy 


digital ground plane to the sensitive comparator 
inputs, 


which can result in false output level transitions. 
Even if 
the same power 
supplies 
are used for the input and 
output stages, separate 
bypassing 
of the power supply 
connections 
optimizes 
the 
performance 
of the com- 
parator. 


Separate power supply connections 
can be used to level 
shift signals 
through 
the comparator. 
This feature 
is 
useful 
in applications 
where 
a bipolar 
input 
signal 
is 
compared 
to a reference 
and the output interfaces 
with 
TTL logic. Comparators 
that do not provide 
a separate 
ground connection 
for the output stage would require the 


addition of a level shifting circuit between the comparator 
output and the TTL logic. 
Level shifting of this type is 
accomplished 
in the MAX900-903 and MAX91 0 by simply 


connecting 
bipolar power supplies to the input and +5V 


and GND to the output power supply terminals. 
___ 
Comparator 
Output Stages, 


Active 
vs. Open Collector 


All Maxim TTL compatible 
comparators 
feature 
active 


output 
stages, 
which 
do not require 
external 
pull-up 
resistors. 
A standard comparator 
with an open collector 
output 
would 
require 
low value, power 
hungry 
pull-up 


resistors 
to achieve 
high 
speed 
performance. 
The 
MAX900 family's active output stages eliminate 
pull-up 
resistors, saving circuit board space and power. 


REFERENCES 
1) "Noise Reduction Techniques 
in Electronic 
Systems" 


by Henry W. Ott, Wiley and Sons, 2nd Edition, 1988. 


2) 
"Grounding 
and Shielding Techniques 
in Instrumen- 


tation" by Ralph Morrison, Wiley and Sons, 3rd Edition, 
1986 


3) 
"Television Engineering 
Handbook" edited by K. Blair 


Benson, McGraw-Hili, 
1986. 


_______ 
Gener.1 Description 


Maxim's 
MAX310 and MAX311 are CMOS monolithic 
analog 
multiplexer/demultiplexers 
designed 
for use 
with 
signal 
frequencies 
ranging 
from 
DC through 
video. The MAX310 is a 1-of-8 multiplexer 
while 
the 
MAX311 
is 
for 
2-of-8 
(4 
channel 
differential) 
appUcations. 


A key feature 
of the MAX310/311 
is extremely 
high 
off 
isolation 
at high 
frequencies. 
The 
isolation 
of 
each off channel 
to the output 
is guaranteed 
to be 
-66dB 
at 5MHz. 
The 
input 
signal 
range 
is +12V to 
-15V 
with 
±15V 
power 
supplies 
while 
power 
con- 
sumption 
is typically 
1.1mW. 


All control 
inputs 
are fully compatible 
with TTL and 
CMOS 
logic. 
Decoding 
is in standard 
BCD format 
and 
an 
Enable 
input 
is also 
provided 
to 
simplify 
cascading 
of devices. The MAX310 and MAX311 will 
operate 
with 
nearly 
any power 
supply 
combination 
which 
totals less than 36V (V+ - V-) including 
single 
supply 
operation 
at +12V, +15V, and 
+28V with 
V- 
connected 
to GND. 


__________ 
Applications 


Video Switching 
and Crosspoint 
Systems 


Automatic 
Test Equipment 


Medical Ultrasound 
Phased Array Systems 


Data Logging 
of High Frequency 
Signals 


Digital Signal Processing 


GNO 
8, 


A2 
82 


A, 
83 


Ao 
8, 


EN 
8, 
y+ 
86 
OUT 
8, 


y- 
88 
Nle 
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CMOS RF/Video Multiplexers 


• 
-76dB Typical Off Isolation 
at 5MHz 


• 
-63dB Typical "All Channel Off' Isolation 
at 5MHz 


• 
Phase Shift Match Between Channels, <10 
at 5MHz 


• 
Break-Before-Make 
Switching 


• 
Wide Supply Range, ±4.5V to ±16.5V and 
Single Supply 


• 
Symmetrical, 
BI-dlrectlonal 
Operation 


• 
Latch-Up 
Proof Construction 


PART 
TEMP. RANGE 
PACKAGE 


MAX31 DC/D 
DOCto +7DoC 
Dice 


MAX31DCPE 
DOCto +7DoC 
16 Lead 
Plaslic 
DIP 


MAX31DCWN 
DOCto +7DoC 
18 Lead 
Wide 
SO 


MAX31DEPE 
- 4DoC 10 + 85°C 
16 Lead 
Plastic 
DIP 


MAX31DEWN 
-4DoClo 
+ 85°C 
18 Lead 
Wide 
SO 


MAX31DEJE 
- 4DoC 10 + 85°C 
16 Lead 
CERDIP 


MAX31DMJE 
- 55°C 10 + 125°C 
16 Lead 
CERDIP 


MAX311C/D 
DOC10 + 7DoC 
Dice 


MAX311CPE 
DOC10 + 7DoC 
16 Lead 
Plastic 
DIP 


MAX311CWN 
DOC10 +7DoC 
18 Lead 
Wide 
SO 


MAX311EPE 
- 4DoC to + 85°C 
16 Lead 
Plastic 
DIP 


MAX311EWN 
- 4DoC to + 85°C 
18 Lead 
Wide 
SO 


MAX311EJE 
- 4DoC to + 85°C 
16 Lead 
CERDIP 


MAX311MJE 
-55°Clo 
+ 125°C 
16 Lead 
CERDIP 


Voltage relerenced to V- 


V+ ........•.............••...•..••.....•........... 
+36V 
GND 
+24V 
Digital Inputs 
.•.•.........•.....•.•.....•.....•.. 
V- to V+ 


Input Current 
Sand COMMON OUT ............••...........•... 
±50mA 
All pins except S and COM. OUT 
±3OmA 
Lead Temperature 
+3OO°C 
Storage Temperature 
-65°C to +150°C 


Operating Temperature Range 
MAX310C, MAX311C ..................•...... 
O°C to +70°C 


MAX310E, MAX311E 
-4Q°C to +85°C 


MAX310M,MAX311M 
...........•......... 
-55°C to +125°C 


Power Dissipation (16-Pin packages) 


CERDIP (derate 10mW/oC above +75°C) 
....•....... 


Plastic DIP (derate 7.35mW/oC above +75°C) 
Small Outline (derate 9mWrC 
above +75°C) 
.••..... 


750mW 
550mW 
550mW 


Stresses listed under "Absolute Maximum 
Ratings" may be applied (one at a time) to devices without resulting In permanent damage. 
These 
are stress 
ratings or/y, and functional operation of the device at these or any other conditlon$ above those indicated in the operational sections of the specifications 
Is not implied. Exposure to absolute maximum fatings conditions for extended p6riods may affect device reliability. 


ELECTRICAL 
CHARACTERISTICS 


(Over Temperature, 
y+ = +15Y, Y- = -15Y, GND = OY unless 
otherwise 
indicated) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYp. 
MAX. 
UNITS 


Analog Signal Range 
V+, V- = ±15V 
-15 
+12 
V 
V+, V- = ±5V 
-5 
+2 


V'N = ±5V, lOUT= 10mA 
Channel ON Resistance 
RON 
TA= +25°C 
150 
250 
n 
Over Temp. 
300 


ON Resistance Match 
aRON 
V'N= ±5V, lOUT= 10mA 
6 
% 


OFF Input Leakage Current 
Is(OFF) 
Figure 10, TA= +25°C 
0.4 
10 
nA 
Over Temp 
3 
100 


OFF Output 
Figure 11, TA= +25°C 
0.8 
10 


Leakage Current 
10(OFF) 
MAX310 Over Temp. 
20 
100 
nA 
MAX311 Over Temp. 
10 
50 


ON Channel 
Figure 12, TA= +25°C 
1 
10 


Leakage Current 
10(ON) 
MAX310 Over Temp. 
30 
200 
nA 
MAX311 Over Temp. 
15 
100 


Input Low Threshold 
VAL 
V+N- = ±15V, ±5V 
0.8 
V 


Input High Threshold 
VAH 
Y+N- 
= ±15V, ±5V 
2.4 
V 


Input Current (Logic) 
IA 
VA= OVor 5V 
±10 
)lA 


Access Time 
tACC 
Figure 7; TA= +25°C 
0.6 
1.5 
I'S 
Over Temp. 
2.0 


Enable Delay ON or OFF 
tEN(ON/OFF) Figure 8; TA= +25°C 
0.3 
1.0 
,.s 
Over Temp. 
2.0 


Break-Belore-Make 
Delay 
tON-tOFF 
Figure 9 
30 
100 
ns 


OFF Isolation, Single 
ISOsc 
Figure 3; TA= +25°C 
-66 
-76 
dB 
Channel to OUT 


OFF Isolation, All 
Figure 4, 5, TA= +25°C 


Channels to OUT 
ISOAc 
MUX Disabled, EN = +0.8V 
-63 
dB 
MUX Enabled, EN = +2.4V 
-58 


Adjacent Channel Crosstalk 
ISOx 
Figure 6, TA= +25°C 
-72 
dB 


Channel Input Capacitance 
TA= +25°C, V'N = 10mVAMs10 MHz 
OFF State 
CS(OFF) 
5 
pF 
ON State 
CS(ON) 
45 


Channel Output Capacitance 
TA= +25°C; 


OFF State 
CO(OFF) 
EN = +0.8V, MAX310 
38 
MAX311 
20 
pF 
ON State 
CO(OFF) 
EN = +2.4V, MAX310 
57 


MAX311 
40 


Charge Injection 
Q 
Figure 13, TA= +25°C 
110 
pC 


Supply Current; V+ 
1+ 
EN, AO,A1, A2 = OVor +5V 
75 
200 
I'A 
V- 
I- 
0.1 
100 


Supply Yoltage Range 
TA= +25°C 
±4.5 
±16.5 
V 


/ 


...(:1 
/11 


-f- 
1 
1 
1 


..,.-: 
1 
1 


/11111 
S. 
1 
S'---1-11 


S. ------f- 


1 
I 
I 


The Maxim 
MAX310 and MAX311 contain 
8 video 
switches 
combined 
with 
an address 
decoder 
and 
level translators 
(Figure 
1). Each of the 
8 video 
switches consists of 3 N-channel FETs configured 
as 
shown 
in Figure 2. This "T" configuration 
provides 
the 
high 
frequency 
OFF isolation 
required 
when 
switching 
wide-band video, audio, or digital signals. 


N-channel 
FETs are used in the MAX310/311's "T" 
switches because of their low capacitance 
and con- 
sequently 
superior 
isolation 
characteristics. 
A side 
effect 
is that 
the 
N-channel 
ON resistance 
varies 
somewhat 
with the voltage 
difference 
between the 
analog input signal and V+. This effect is shown in 
the Typical Operating Characteristics 
section. 


Channel selection 
is performed 
by applying a binary 
input to the address inputs Ao, A, and A2 (Ao and A, 
only for MAX311). The address decoder selects chan- 
nels as shown in the truth tables (Table 1). All digital 
inputs 
are compatible 
with 
TTL 
and CMOS 
logic 
levels. 


Break-before-make 
switch 
timing 
is guaranteed 
for 
both multiplexers. 
This prevents 
momentary 
short- 
ing of inputs when changing multiplexer channels. 


MAX311 


s" 
~-f- 
s,. 
/1 
s" 
-( 
I 
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The MAX310 and MAX311 are also fully bilateral and 
so can be used "backwards", 
as demultiplexers, 
with 
no loss in performance. Specifically, one input signal 
can be routed to one of several outputs. 


TABLE 1. CHANNEL 
SELECTION 
INPUT CODES 


MAX310 
MAX311 
A2 
A1 
Ao 
EN 
ON Channal 
A, 
Ao 
EN 
ON Channel 


0 
0 
0 
1 
1 
0 
0 
1 
1A + 16 
0 
0 
1 
1 
2 
0 
1 
1 
2A + 26 
0 
1 
0 
1 
3 
1 
0 
1 
3A + 36 
0 
1 
1 
1 
4 
1 
1 
1 
4A+46 
1 
0 
0 
1 
5 
X 
X 
0 
ALL 
OFF 
1 
0 
1 
1 
6 
1 
1 
0 
1 
7 
1 
1 
1 
1 
8 
X 
X 
X 
0 
ALL OFF 


--_. 
----~Applic8tion Hints 
Maximizing Isolation 


With all high frequency 
circuits, 
careful 
printed cir- 
cuit board layout is essential for optimum 
perform- 
ance. To maintain the high frequency 
isolation of the 
MAX310/311, 
signal 
paths should 
be of minimum 
length and ground plane should be used where pos- 
sible, 
including 
between 
adjacent 
input 
pins. 
A 
ground 
or 
power 
supply 
trace 
between 
adjacent 
inputs 
will 
markedly 
improve 
isolation 
between 
channels. 


Both V+ and V- should be bypassed to ground with 
0.1/LF ceramic capacitors. 
The leads of the capaci- 
tors should be kept as short as possible to minimize 


1]1 


series inductance. The bypass capacitors should also 
be located as physically 
close to the multiplexer 
as 
possible. 


Input Capacitance 


The capacitance 
of an input channel changes from 
about 5pF in the OFF state to around 
45pF when 
ON. To minimize 
bandwidth 
reduction 
due to input 
capacitance, the inputs should be driven from a low 
impedance source. A 750 source impedance results 
in a 3dB frequency 
response of 47MHz when loaded 
with 45pF. 


Charge Injection 


With ±15V supplies, injected charge from the inter- 
nal switch drive circuitry to the analog signal path is 
typically 
110 picocoulombs. 
As shown in the Typical 
Characteristics 
graph, charge injection 
is relatively 
independent of the analog signal voltage. 


Insartion 
Lou 


With ±15V supplies and ±2V video signals, the 1200 
typical ON resistance of the MAX310/311 
results in 
-8.3dB insertion 
loss when used with a 750 output 
load. This insertion loss is virtually constant from DC 
to over 20MHz. 


INPUT CHANNEL 
OUTPUT - INPUT PHASE SHIFT 
MAX311 
RL = 10kO 
RL = 750 


S, 
-22° 
-12° 


S2 
-21° 
-11.5° 


S3 
-20° 
-11.5° 


S4 
-20° 
-11.2° 


S5 
-20° 
-11.2° 


S6 
-20.5° 
-11.4° 


S7 
-20.7° 
-11.5° 


S. 
-20.4° 
-11.5° 


Operation 
with Power Supplies 
Other Than±15V 


Table 3 shows how different 
power supply voltages 
affect 
the 
MAX310/311's 
analog 
signal 
range and 
channel 
ON 
resistance 
(RON). 
This 
data 
is also 
shown graphically 
in the Typical Operating 
Charac- 


teristics section. Since N-channel 
FETs are used in 


the switches, RON is determined by the voltage differ- 
ence between V+ and the input voltage. For lowest 
RON, 
use a negative power supply (V-) equal to the 
most negative input voltage, and a positive 
power 
supply 
(V+) 30V above 
the 
negative 
supply. 
For 
example, if only positive signals need to be switched, 
use OV for V- and +30V for V+ to achieve minimum 
RON. This also reduces ON resistance variation with 
analog 
signal 
level and 
input 
voltage 
dependent 
changes in insertion loss, which minimizes differen- 
tial gain errors. 


The digital input thresholds 
are nearly independent 
of V+, remaining near +1.4V over the entire operating 
supply voltage range of ±4.5V to ±18V (9V to 36V 
single supply). 


The MAX310/311 
switching 
delay times vary some- 


what with 
power supply voltage. Access time (see 


Figure 2) increases from typically 
600ns with ±15V 
supplies to 3J..lswith ±5V supplies. Other switching 
times are also proportionately 
longer with ±5V power 


supplies. 


Propagation 
Delay and Phasa Shift 


In Table 2, the typical phase shift for each channel is 
shown. Note that both the phase shift and the phase 
shift difference between channels are reduced with a 
750 output load. At 10MHz, the channel-to-channel 
match is better than 10 with a 750 load and improves 
as the frequency is reduced. 


Phase shift measurements for the MAX311 are sim- 
ilar to those in Table 2. The data for the MAX310 
channels 1 to 4 corresponds to MAX311 channels 1A 
to 4A, Channels 5 to 8 correspond 
to MAX311 chan- 
nels 1B to 4B. 


TABLE 3. SIGNAL 
RANGE AND RON 
vs SUPPLY VOLTAGE 


SUPPLY VOLTAGE 
TYPICAL RONAT V,N 
SIGNAL RANGE 
V- 
y+ 
NEGATIVE 
POSITIVE 


-15 
+15V 
-15V 
to +12V 
1040 
at -10V 
2650 
at +10V 
-5V 
to +5V 
1150 
at -5V 
1500 
at +5V 
GND 
+15V 
OV to +12V 
1200 
at OV 
1500 
at +5V 
GND 
+30V 
OV to +27V 
900 
at OV 
1000 
at +5V 
-5V 
+5V 
-5V 
to +2V 
2400 
at -2V 
4600 
at +2V 
-10V 
+10V 
-10V 
to +7V 
1400 
at-5V 
2200 
at +5V 
-5V 
+15V 
-5V 
to +12V 
1150 
at -5V 
1500 
at +5V 


OFF Isolation Maasurement. 


Figure 3 is used to test and specify the MAX310/311's 
single channel OFF isolation. In the case illustrated, 
channel 51 has signal applied while all other inputs 
are grounded through 
75.0 except for the ON chan- 
nel 
(52 
in 
Figure 
3). This 
is shorted 
directly 
to 
ground to prevent pickup from external wiring. Each 
channel meets this test to an isolation limit of -66dB 
at 5MHz. 
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8, DN· 
A. 
MAX310 
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Circuit shown for 8, isolation with 82 ON. The 
ON channel is shorted to GND. Other channels 
are measured 
in a similar 
fashion. 


Figure 4 shows the test circuit for OFF isolation with 
all channels 
driven. 
The impedance 
of the source 
connected to the selected channel (in this case, 54) 
significantly 
affects feedthrough. 
With a 75.0 source 
impedance 
the typical 
measured 
OFF isolation 
is 
-58dB at 5MHz. This increases to -63dB if the source 
impedance is reduced to 10.0 or less. OFF isolation 
also increases with decreasing frequency. For exam- 
ple, when the frequency 
is reduced from 10MHz to 
1MHz the isolation 
improvement 
is typically 
-20dB. 


Figure 5 shows a similar circuit for testing all-channel 
isolation with the multiplexer disabled (EN low). 
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Video Operational Amplifier 


_______ 
General Description 


TheMAX404 
is a high-speed 
operational 
amplifier 
opti- 


mized for exceptional 
AC performance, 
output drive and 
stability while operating 
from ±SV power supplies. 
Fea- 


turing 
80MHz 
gain-bandwidth, 
SOOV/~s slew rate and 
0.01"l0.OS% differential 
phase and gain, this amplifier is 


ideal for video and other high-speed 
applications. 


The MAX404 remains stable while driving unlimited capaci- 
tive loads. 
As a result, flash NO converter inputs, long 
distance coaxial cables, and other large or varying capacitive 
loads can be driven without output oscillations or ringing. 


Unlike current-feedback 
amplifiers, the MAX404 can be 
used 
in virtually 
all high-speed 
op amp 
applications 


because 
it has fully symmetric 
differential 
inputs, 70dB 


common-mode 
rejection 
ratio 
(CMRR), 
and 
66dB 
of 


open-loop 
gain. 


The MAX40S guarantees SOmAcontinuous output current 
and ±3V swing into 100n. 
Stable for gains of 2VN 
or 
greater, the amplifier is optimized for applications such as 
son and 7sn coaxial cable drivers in video test equipment, 
radar displays, medical imaging, and RGB systems. 
__________ 
Applications 


Video Coax Line Drivers 


Video Distribution 


Flash AID Converter Input Amplifier 


High-Speed 
Signal Processing 


Pulse & RF Amplifiers 


High Resolution Video 


Medical Imaging 


• 
0.01"10.05% Differential 
Phase/Gain 


• 
80MHz Gain Bandwidth 


• 
500V/~s Slew Rate 


• 
SOmA Continuous 
Output Current 


• 
Stable With Any Capacitive 
Load 


• 
66dB Open-Loop 
Gain 


.70dBCMRR 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MAX404CPA 
o'C to +70'C 
8 Lead Plastic DIP 


MAX404CSA 
O'C to +70'C 
8 Lead SO 


MAX404C/D 
O'C to +70'C 
Dice' 


MAX404EPA 
-40'C to +85'C 
8 Lead Plastic DIP 


MAX404ESA 
-40'C to +85'C 
8 Lead SO 


Video Operational Amplifier 


ABSOLUTE MAXIMUM RATINGS 
Total Supply Voltage (V+ to V-) 
Voltage at any pin 
OUT short-circuit 
to ground 
Power Dissipation 
Plastic DIP (derate 9.0mWrC 
above +70·C) 
725mW 


SO (derate 6mWrC above + 70·C) 
470mW 


Stresses 
beyond 
those listed under 
"Absolute 
Maximum 
Ratings· 
may cau~epermanent 
damage 
to the device. 
These are stress ratings 
only, and functional 


operation 
of the device 
at these or any other conditions 
beyond 
those indicated 
in the operational 
sections 
of the specifications is not implied 
Exposure 
to 
absolute 
maximum 
rating conditions 
for extended 
periods 
may affect 
device 
reliability. 


12V 
(V- -0.3V) to (V+ 
+0.3V) 


............ 
60sec 


Operating 
Temperature 
(TAM IN-TAMAX) 
MAX404CPA, 
CSA, C/O. 
. . . .. .. . .. . . 
O·C to +70·C 


MAX404EPA, 
ESA 
-40·C to +85·C 


Storage Temperature 
.. -55·C to +125·C 


Lead Temperature 
(soldering, 
10 see) 
.. 
+300·C 


ELECTRICAL CHARACTERISTICS 


(V+ ; +5V, v-; -5V, -3V < VIN < +3V, RL; 
100n, CL; 
15pF, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
TA= 
+2S·C 
TA = TAMIN to TAMAX 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


TA; 
+25·C 
±1 
+8 


Input Offset Voltage 
Vos 
O·Cto +70·C 
±10 
mV 


-40·C to +85·C 
±12 


Input Offset Voltage Tempco 
A VOsiA T 
±20 
mVrc 


TA; 
+25·C 
±1 
±3 


Input Bias Current (Note 1) 
IIN+,IIN- 
O·C to +70·C 
re5 
/lA 


-40·C to +85·C 
±8 


Input Resistance 
(Common 
Mode) 
RIN 
Gain; 
1VN DC 
1 
Mn 


Input Capacitance 
CIN 
3 
pF 


Input Common 
Mode Voltage Range 
VIN 
±3 
±35 
±3 
V 


Open Loop Voltage Gain 
AVOL 
VOUT; 
6Vp-p 
54 
66 
54 
dB 


RLOAD; 
100n 
±3.0 
±3.5 
±3.0 
Min. Output Voltage Swing 
VOUT 
V 


RLOAD; 
50n 
re2.5 
±3.0 
±2.5 


Output Current 
Continuous 
RLOAD; 
50n 
re50 
±50 
lOUT 
mA 
Short Circuit 
RLOAD; 
on 
re90 


Output Resistance 
ROUT 
Gain; 
2VN 
30 
mn 


Power Supply Rejection 
Ratio 
PSRR 
IV+, v-I; 4.75 to 5.25V 
40 
50 
40 
dB 


Common 
Mode Rejection 
Ratio 
CMRR 
VIN ; -3V to +3V 
60 
70 
60 
dB 


TA; 
+25·C 
25 
30 
35 


Supply Current 
1+,1- 
O·Cto +70·C 
20 
45 
mA 


-40"C to +85·C 
15 
50 


Video Operational Amplifier 


ELECTRICAL CHARACTERISTICS 
(continued) 


(V+ = +SV, v- = -sv, -3V < VIN < +3V, RL = 1000, CL = 1SpF, unless otherwise 
noted.) 


SYMBOL 
CONDITIONS 
TA= +2S'C 
TA = TAMIN to TAMAX 
UNITS 
PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


AC SPECIFICATIONS 


Gain Bandwidth 
GBW 
Gain = 10VN 
80 
MHz 


Slew-Rate 
SR 
3V step 
SOO 
V/lls 


Full-Power Bandwidth 
VOUT = 6Vp-p 
13 
MHz 


Closed Loop Bandwidth 
BW 
Gain = 2VN 
60 
MHz 


Differential 
Phase (Note 2) 
DP 
Gain = 2VN 
0.01 
deg 


Differential 
Gain (Note 2) 
DG 
Gain = 2VN 
DOS 
% 


Settling Time to 0.1 % 
ts 
Gain = -1VN, 3V step 
70 
ns 


~1I1~JXI~1I1 
Precision Video Buffer Amplifier 


General Description 


The MAX40S high-speed, 
precision 
buffer 
amplifier 


guarantees 
a minimum gain of 0.99V/V over -40·C to 
+8S·C, with loads as low as son. 
It operates 
from 
±SV power supplies 
and drives ±3V signals into son 


loads, or ±2.2SV into four 1S0n loads. 
The MAX40S 
features 
180MHz bandwidth, 
6S0V/~s slew rate, and 


3Sns settling 
time to 0.1 %. Precision 
characteristics 


include 
0.01· 
differential 
phase, 
0.03% 
differential 


gain, and guaranteed 
0.1% nonlinearity over tempera- 


ture. 
Unlike other buffer amplifiers, 
the MAX40S's in- 


verting input can be used to increase the gain. 


The MAX40S is ideal as a son and 7sn coaxial cable 
driver 
for color 
video 
signals. 
Guaranteed 
60mA 


continuous 
output 
current 
eliminates 
the need 
for 
multiple 
buffers, 
external 
power-booster 
circuits, 
or 


expensive 
hybrid modules common in video distribu- 


tion 
applications. 
Greater 
PC-layout 
densities 
are 
provided 
by compact 
8-pin DIP and 50 packages. 


Video Distribution 


Flash AID Input Buffers 


Coaxial Line Drivers 


Fast 5ample-and-Hold 
Buffers 


OUT 


son 
RlOAO 


-5V 
O.l~F I 
CERAMIC 
= 


-5V 


:;J; 
~~~:MIC 


____________ 
Features a: 


• 
0.99VN 
Min DC Gain (RL = 50n) Over Temp 
~ 


• 
0.01· Differential 
Phase 
~ 


.0.03% 
Differential Gain 
~ 


• 
0.1% Nonlinearity 
Over Temperature 
0 


• 
180MHz Bandwidth 
U. 


• 
650V/~s Slew Rate 
• 
60mA Continuous 
Output Current 


• 
0.01n ROUT 
• 
0.6pF Input Capacitance 


• 
Drives Four 150n Loads 


• 
Adjustable Gain Control 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MAX40SCpA 
O'C to +70'C 
S Plastic DIP 


MAX40SCSA 
O'C to +70'C 
SSO 


MAX40SC/D 
O'C to +70'C 
Dice" 


MAX40SEpA 
-40'C to +SS'C 
S Plastic DIP 


MAX40SESA 
-40'C to +SS'C 
SSO 


/"'I/JXI/"" 
/"'. /J X •/"'. 
is a registered 
trademark 
of Maxim Integrated 
Products. 


Precision Video Buffer Amplifier 


Operating 
Temperature 
Ranges: 


MAX405C_A. 
MAX405E_A 
Storage Temperature 
Range 


Lead Temperature 
(soldering, 
10 sec) . 


12V 
(V- -0.3V) to (V+ +0.3V) 
250m A 
10 sec 


Total Supply Voltage (V+ to V-) 
Voltage at Any Pin 
Output Current (lour) 
Short-Circuit 
Duration (lour) 
.. 


Continuous 
Power Dissipation 
Plastic DIP (derate 8.3mWrC 
above +70·C) 


SO (derate 6mWrC 
above +70·C) 


O·C to +70·C 


-40·C to +85·C 
-65·C to +160·C 
+300·C 


Stresses 
beyond 
those listed under 
"Absolute 
Maximum 
Ratings· 
may cause permanent 
damage 
to the device. 
These are stress ratings 
only, and functional 
operation 
of the device 
at these or any other conditions 
beyond 
those indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 


absolute 
maximum 
rating conditions 
for extended 
periods 
may affect device 
reliability. 


ELECTRICAL CHARACTERISTICS 
(V+ = Vc+ = 5V, v- = Vc- = -5V, RL = 50Q, CL = 15pF, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
TA= +2S·C 
TA = TMIN to TMAX 


UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Unadjusted 
0.9910 
0.9940 
1 
0.9900 
1 
Voltage Gain 
Av 
VN 
Adjusted 
1.1 
1.1 


-5.0 
±2.0 
5.0 


Offset Voltage 
VOS 
TA = O·C to +70·C 
-6.5 
65 
mV 


TA = -40·C to +85·C 
-8.0 
80 


Offset Voltage TC 
TCVos 
25 
Ilvrc 


Is(IN+) 
-2 
2 
-4 
4 
Input Bias Current 
VIN = OV 
mA 
(IN-) 
10 


Input Resistance 
RIN 
2.5 
MQ 


Input Capacitance 
CIN 
0.6 
pF 


Output Voltage Swing 
VOUT 
-3.0 
±3.4 
3.0 
-3.0 
3.0 
V 


Continuous 
60 
60 
Output Current 
lOUT 
mA 
Short-circuit 
(Note 1) 
90 
180 
90 
180 


Output Impedance 
ROUT 
At DC 
0.01 
Q 


Power-Supply 
Rejection Ratio 
PSRR 
INS = ±5% 
48 
54 
47 
dB 


±2V signal 
-15 
+1.0 
1.5 


Nonlinearity 
(Note 2) 
TA = O·C to +70·C 
-2.0 
2.0 
mV 


TA = -40·C to +85·C 
-2.5 
2.5 


Supply Voltage (Note 3) 
V+, V- 
±4.75 
±5 
±5.25 
±475 
±5 
±5.25 
V 


Supply Current (Note 3) 
10 
V+, V- = ±5V 
±35 
±40 
±43 
mA 


AC SPECIFICATIONS 
(NOTE 1) 


-3dB Bandwidth 
BW 
VIN = IVRMS 
125 
180 
110 
MHz 


Full-Power Bandwidth 
FPBW 
VOUT = 6Vp-p 
24 
34 
18 
MHz 


Slew Rate 
SR 
VOUT= 3V step 
450 
650 
350 
V/IlS 


Settling Time 
ts 
t = 0 1%, VOUT= 3V step 
35 
50 
70 
ns 


Rise/Fall Time 
tRtF 
VOUT = 3V step 
8 
12 
16 
ns 


Differential 
Phase 
0.01 


0 


Differential Gain 
0.03 
% 


Note 1: 
Guaranteed 
by design. 


Note 2: 
Nonlinearity 
is deviation from end-point 
line. 


Note 3: 
Vc+ = V, Vc- = V-. Current is for both supply pins. 
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0.06 
<i' 
'-" 
-9 
-90 ~ 
;= 


-120 .m 
~ 
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0.02 
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VIN 
W/div 
4Vpp 


VOUT 
+- 500mV/div 


2Vpp 


30 
4.0 4.2 4.4 46 48 
50 52 5.4 5.6 5.8 6.0 


SUPPLY 
VOLTAGE 
(±V) 


VOUT = 1/2 VIN 
son 
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PIN 
NAME 
FUNCTION 


1 
OUT 
Buffer-AmplifierOutput 


2 
IN+ 
Buffer-AmplifierNoninvertingInput 


Buffer-AmplifierInvertingInput. Forunad- 
justed operation,connect to OUT Connect 
3 
IN- 
to resistivedivider from OUT(Figure3) to ad- 
just gainto exactly1.0000VN.IN-CANNOT 
be used as a conventionalop-amp inverting 
input (see Gain Trim section). 


4 
V- 
NegativeSupply. Connectto -5V. 


VoltageOffsetAdjust. Leaveopen normally. 
Connectto arm of 1kQ potentiometer(Fig- 
5 
NULL 
ure 2) to null input offsetvoltage. One end of 
the potentiometershould be connected to 
V+. Theother end should be connected to 
a 9kQ resistorto V-. 


6 
V+ 
PositiveSupply. Connect to +5V. 


7 
Vc- 
Output Stage(Collector)NegativeSupply. 
Connectto -5V. 


8 
Vc+ 
Output Stage(Collector)PositiveSupply. 
Connect to +5V. 


______ 
Detailed 
Description 


Circuit Overview 


The main circuit 
elements 
of the MAX4aS are an input 
stage and a bipolar output stage with separate 
power- 
supply 
connections 
(Figure 
1). 
This allows 
separate 
bypassing 
to improve 
high-frequency 
response 
while 


keeping 
high-frequency 
transients 
in the output 
stage 
from feeding back to the input. The MAX4aS employs an 
unusual buffer configuration 
The inverting 
input pin al- 
lows the gain to be increased 
above its initial value. 
In 
addition, 
input offset voltage may be trimmed externally. 


Zero-Offset Trim 


Offset voltage 
is the difference 
between 
IN+ and OUT 
when IN+ is av. The MAX4aS is laser trimmed for offset 
voltage 
less than ±SmV. Offset voltage 
can be further 
reduced 
by connecting 
a 1kn trim potentiometer 
and a 
9.1kn 
fixed resistor as shown in Figure 2. 
This circuit's 
offset nulling range is approximately 
±2SmV. 


Precision Video Buffer Amplifier 


Gain Trim 


The MAX405 drives 50n loads at a O.9940VN factory-set 
gain with no external components 


Unlike other buffer amplifiers, the MAX405 has an invert- 
ing input 
(IN-) that can 
be connected 
to an external 
voltage divider to increase the gain. 
Figure 3 shows a 
circuit in which a variable voltage divider trims the buffer 
to exactly 
1.0000VN 
The gain can be adjusted 
to a 
maximum 
of 1.10VN. 
Higher 
gain may produce 
non- 
linearities 
and 
instability. 
Care must be exercised 
to 
minimize stray circuit capacitance 
in the feedback 
net- 
work. 


When both offset and gain trims are used, the zero-offset 
trim should be set first, with OmV applied to IN+. 
Next, 


gain should 
be adjusted 
with the full-scale 
voltage 
ap- 


plied to IN+. 


Input Capacitance 


The MAX405 input capacitance 
is typically O.6pF. IN+ is 
located between the IN- and OUT pins, which are at the 
same potential. This forms a high-frequency 
guard for the 


IN+ pin and minimizes input capacitance. 
When no gain 
trim is used, the printed 
circuit-board 
layout should 
in- 
clude a guard ring (circular trace) around IN+, which is 
driven from OUT. It should form a complete circle on both 
sides of the board. 
The guard ring must be broken on 
the side of the board that has the input trace, or stretched 
to enclose the input component 
solder pad (Figure 4). 


Source Impedance 


To realize the benefits from the precision MAX405, source 
impedance 
must be kept low. Both DC and AC sources 
contribute 
errors 


The DC voltage errors are developed 
from two sources: 
1) the input bias current through the source resistance, 
2) the voltage divider formed by the source resistance 
and the finite input resistance (typically 2.5Mn). 


The AC error increases with frequency. 
It is caused 
by 
the action of a lowpass RC filter, consisting 
of the source 
(series) 
resistance 
and 
amplifier 
input 
(shunt) 
capacitance 
(O.6pF). 


Precision Video Buffer Amplifier 


Output 
Stage 


The MAX405 is stable while driving capacitive 
loads up 
to 100pF. 
Figure 5 shows how larger capacitive 
loads 
can be driven if they are isolated with a series resistor. 


The OUT pin is protected 
against accidental 
short cir- 


cuits. 
Internal current limiting keeps continuous 
output 
current 
at safe values 
at room temperature. 
Typical 


values of output short-circuit 
current are 180mA for posi- 


tive polarity and 150mA for negative polarity when using 
±5V supplies. 
Continuous 
short-circuit 
protection 
at 
elevated 
temperatures 
TA > 50°C requires 
additional 


external circuitry 
connected 
to Vc+ and Vc-. 
Figure 6 
shows a typical circuit. 


Coaxial 
Driver 


The MAX405 is ideal as a 50n 
and 75n 
coaxial cable 
driver. 
With a guaranteed 
60mA continuous 
output cur- 


rent, the MAX405 directly drives ±3V into 50n. 
Common 
applications 
include a back-termination 
resistor to match 
the cable impedance. 
The MAX405 is capable of driving 
up to four 150n (four 75n back-terminated 
loads) loads 
to ±2.25V. 


VOUT 


RlOAD 


Bypassing 


Good 
high-frequency 
performance 
demands 
careful 


layout, ground planes, and good bypassing. 
The input 


and output stages have separate 
power-supply 
pins for 
isolation. Even though the two positive (V+, Vc+) and two 
negative 
(V-, Vc-) 
supply 
pins 
may 
be 
connected 
together, 
they should have separate 
bypass capacitors 


located as close to the pins as possible. 
Each supply pin 


should 
have 
a 0.1~F 
ceramic 
and 
a 
1~F tantalum 
capacitor 
connected 
to ground. 
Surface-mount 
chip 


capacitors 
(Figure 4) are recommended 
because 
they 


have extremely low impedance 
at high frequencies. 


Precision Video Buffer Amplifier 


~~I~JXI~~I 
CMOS Video Multiplexer/Amplifier 


_______ 
General DescrIption 


The MAX452 is a unity-gain stable, 50MHz video amplifier 
capable of driving a 75 ohm load directly. The MAX453, 
MAX454, and MAX455 combine the 50MHz video ampli- 
fier, of the MAX452, with an on-board multiplexer offering 
2,4, or 8 channels respectively. All of the MAX452 family 
devices operate from 
±5V supplies 
and typically 
con- 
sume only 250mW. 


Optimized 
for video 
applications, 
these amplifiers 
will 
directly drive a 150 ohm load to ±2V, and will swing ± 1V 
into a 75 ohm load. All amplifiers are unity-gain stable and 
do not require extemal frequency 
compensation 
com- 
ponents. The MAX453/454/455 
operate as positive-gain 
amplifiers, gain being set by two extemal resistors. Since 
they 
are connected 
as non-inverting 
amplifiers, 
their 
minimum 
closed-loop 
gain is OdS. In most applications 
the amplifier's 
closed-loop 
gain will be set at OdS 
or 
+6dS 
(1 VN or 2 VN), which guarantees 
a minimum 
bandwidth 
of 25M Hz. 


Video signal multiplexing 


75 ohm cable drivers 


Driving flash converters 


Video Crosspoint Switches 


____________ 
Features 


• 
Unity-gain 
bandwidth 
of 50MHz typo 


• 
Low Input capacitance: 
7pF typo 


• 
No frequency-compensation 
required 


• 
Low power operation: 
250mW typo 


• 
Low bias current 
10pA typo 


• 
Directly 
drives 75 ohm cable 


• 
70 dB typical 
OFF Isolation 
at 4 MHz 


PART 
TEMP. RANGE 
PACKAGE 


MAX452CPA 
OOCto 
+700C 
8 lead olastlc 
DIP 


MAX452CSA 
OOCto 
+700C 
8 lead smail-outline 


MAX452CiD 
OOC to +700C 
Dice 


MAX452EPA 
-40°C 
to +85OC 
8 lead plastic 
DIP 


MAX452EJA 
_40°C 
to +850C 
8 lead CERDIP 


MAX452MJA 
-55°C 
to + 125°C 
8 lead CERDIP 


MAX453CPA 
OOCto 
+700C 
8 lead clastic 
DIP 


MAX453CSA 
OOCto 
+700C 
8 lead small-outllne 


MAX453EPA 
-40°C 
to +85OC 
8 lead olastlc 
DIP 


MAX453EJA 
-40°C 
to +85OC 
8 lead CERDIP 


MAX453MJA 
-55°C 
to + 125°C 
8 lead CERDIP 


MAX454CPD 
OOCto 
+700C 
14 lead plastic 
DIP 


MAX454CSD 
OOCto 
+700C 
14 lead small-outllne 


MAX454EPD 
_40°C 
to + 85°C 
14 lead plastic 
DIP 


MAX454EJD 
_40°C 
to + 85°C 
14 lead CERDIP 


VOUT 
7 
-IN 
v+ 


+IN 


AO 


aND 
V- 


INO 


8 
VOUT 


-IN 
V+ 


IN1 


VOUT 


-IN 
V+ 


IN3 


IN2 


NC 


IN1 


VOUT 


-IN 
V+ 


IN7 


NC 


INI 


NC 


INS 


NC 


IN4 


ABSOLUTE MAXIMUM RATINGS 
Total Supply Vo~age (V+to V-) 
12V 
Pos~IveSuppIyVo~age. v+Jrel. GNDI 
+ 1ZV 


NegativeSupply V~age. V (reI.GND) 
-1ZV 
Analog InputVo~age 
(V+) + 0.3 V to (\'"")-0.3 V 
Digital InputVo~age 
. 
-0.3 Vto (V+)+0.3 V 


StorageTemperature Range. . 
. 
-65°C to + 160°C 


o~;:~~~~=~ 
Range 
MAX454C.MAX455C 
.... 
OOCto +700C 
MAX452E.MAX453E. 
MAX454E.MAX455E. . 
. ... 
-40°C to + 85°C 
MAX452M.MAX453M. 
MAX454M.MAX455M.....•.......•.....•.... 
_55°C to + 125°C 


Leadtemperature (Soldertng.10 see). . 
. .... 
300°C 
Durationof Output Short-Clrcu~to ground 
Indenn~e 


Input Current. power on or off 
DIgital Inputs.. 
. . . 
. 
+20 mA 
AUother pins 
.. ± 50 mA 
ContinuousTotal PowerDIssipation (fA = + 70°C) 
8 Pin CERDIP(derate 8.0mW/oC above 70°C) . 
. 
640mW 
14 Pin CERDIP(derate9.5mW/oC above 70°C) . . . 
. 
760mW 
20 Pin CERDIP(derate 11.1mW/oCa.bcMl70°C)... 
. 890mW 
8Pin Plastic DIP (derate 8.3mWI"C above 70·C). 
.660mW 


14Pin Plastic DIP (derate 10.0mW/·C above 70·C) 
800mW 


20 Pin Plastic DIP (derate 11.1mWI"Cabove 70·C)... 
.. 890mW 


8 Pin Small-Qutllne(derate 5.9mW/oC above 70°C) 
.. 
. .. 32OmW 
14 Pin Small-Qutllne(derate 8.7mW/oC above 70°C) 
.... 
480mW 
20 Pin Small-Qutllne(derate 10.0mW/oC above 70°C) 
.. 550mW 


Stresses 
above ttlose listed under 
·Absolute 
Maximum 
Ratings· 
may cause permanent 
damage 
fo the device. 
These are stress raflngs 
only and functional 


operation 
01the devfce af fhese or any ofher condlflons 
above ttlose Indicated 
In the operational 
secflons 
01the specifications 
Is not Implied. 
Exposure 
to 


ebsolute 
maximum 
rating conditions 
for extended 
periods 
may alfect device 
reliability. 


ELECTRICAL CHARACTERISTICS 
MAX452/3/4/5 
(V+ 
= +5V. 
V- 
= -5V. 
-2)/S 
Vins 
+2)/, 
Output 
Load 
Resistor 
= 1500, 
TA = +25°C 
unless 
otherwise 
noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNITS 


VIDEO 
AMPLIFIER 
(MAX452/3/4/5) 


Input 
Voltage 
Range 
VIN 
Over Temperature 
Range 
(Note 
2) 
-2 
2 
V 


Input 
Offset 
Voltage 
Vos 
2 
5 
mV 


Offset 
Voltage 
Drift 
D.Vos/D.T 
(Note 
5) 
20 
100 
IlVloC 


Input 
Bias Current 
TA = +25°C 
(Note 
1) 
0.01 
10 


18 
Over 
Temperature 
C 
1 
10 
nA 
Range 
(Notes 
1,2) 
E 
3 
30 


M 
50 
500 


Input 
Resistance 
RIN 
10" 
0 


Open-LOOp 
Voltage 
Gain 
RL =10000 
180 
260 


AVOL 
RL =1500 
45 
70 
VN 


RL=750 
25 
38 


Open-Loop 
Gain Drift 
6.AvOL/6. 
T 
RL=1500 
0.5 
%/oC 


Common-Mode 
Rejection 
CMRR 
-2)/ 
os; VIN os; 
+2)/ 
60 
80 
dB 
Ratio 


Power 
Supply 
Rejection 
PSRR 
±4.5Vto 
±5.5V 
54 
66 
dB 
Ratio 


Slew 
Rate 
SR 
(Note 
5) 
150 
300 
V/u.s 


Note 1: 
Note 2: 
Note 3: 


Input bias current Includesthe mU~lplexer'sON-stateleakagecurrentfor the MAX453.MAX454and MAX455. 
Operating temperature rangefor "C' dEMcesIsOOCto 70°C. for "E" dEMcesIs-40°Cto 
+85°C. and for"M" devtcesIs -550Cto 
+ 125°C. 
Inputtest signal: 3.58MHzslnewavaof ampl~ude40 IREsupertmposedon a linearramp(0to 100IRE).TheampllfterIsoperatedat a gain of ZVN 
WhiledrMng a 150ohm load. 
Guaranteedoverthe vo~age range.V-< VIN <V +. 
Guaranteed by design. 


ELECTRICAL CHARACTERISTICS 
MAX452/3/4/5 
(Continued) 
0/+ 
= +5V, 
V- 
=-5V. 
-2V<Vin< 
+2V, 
Output 
Load 
Resistor 
= 1500, 
TA = +25°C 
unless 
otherwise 
noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNITS 


VIDEO 
AMPLIFIER 
(MAX452/3/4/5) 


-3dB 
Bandwidth 
GBW1 
Av = OdB. 
RL = 750 
(Note 
5) 
30 
50 
MHz 


-3dB 
Bandwidth 
GBW2 
Av = 6dB, 
RL = 1500 
(Note 
5) 
25 
40 
MHz 


Differential 
Phase 
Error 
DP 
MAX452 
(Notes 
3. 5) 
0.2 
deg 
MAX453/4/5 
(Notes 
3. 5) 
1.2 


Differential 
Gain 
Error 
DG 
(Notes 
3,5) 
0.5 
% 


Settling-Time 
to 1% 
ts 
AV=1V, 
RL=1500. 
Av=6dB 
50 
ns 


Output 
Impedance 
ROUT 
f=100kHz, 
Av= 
OdB 
2 
0 


Full-Scale 
Output 
Current 
lOUT 
RL=1500 
±14 
±20 
mA 


Output 
Voltage 
Swing 
VOUT 
RL 
= 
1500 
±2.1 
±3.0 
V 


Input 
Noise. 
dc to 40MHz 
Vn 
(Note 
5) 
0.15 
0.5 
mVrms 


Operating 
Supply 
Voltage 
V+.V- 
±4.5 
±5.5 
V 


Supply 
Current 
Is 
V1N = OV 
20 
25 
30 
mA 


MULTIPLEXER 
(MAX453/4/5) 


Input 
Voltage 
Range 
VIN 
Over 
Temperature 
-2 
2 
V 


OFF 
Input 
Leakage 
Current 
TA = +25°C 
(Note 
4) 
0.01 
10 


JOFF 
Over 
Temperature 
C 
1 
10 
nA 
Range 
(Notes 
2. 4) 
E 
3 
30 


M 
50 
500 


Logic 
Low Threshold 
VIL 
0.8 
V 


Logic 
High 
Threshold 
VIH 
2.4 
V 


Input 
Pull up/down 
Current 
IllJlH 
5 
20 
JlA 


Turn-ON 
Time 
tON 
(Note 
5) 
75 
120 
ns 


Turn-OFF 
Time 
tOFF 
(Note 
5) 
25 
60 
ns 


Break-Before-Make 
Delay 
to 
(Note 
5) 
10 
50 
ns 


Channel 
"ON" 
Capacitance 
CON 
(Note 
5) 
7 
15 
pF 


Channel 
"OFF" 
Capacitance 
COFF 
(Note 
5) 
3.5 
12 
pF 


fiN = 
4MHz, 
Rs = 
750 
(Note 
5) 


Channel 
"OFF" 
Isolation 
OIRR 
Channel 
2 to Channel 
3 
45 
55 
dB 


All other 
Channels 
60 
70 


Nole 1: 
Input bias current Includesthe munlplexer'sON-stateleakagecurrentfor the MAX453.MAX454and MAX455. 


Nole 2: 
Operatingtemperature range for "C" devices IsOoCto 70°C, for "E" devices Is-40°C to +850C, and for "M" devices Is -55°C to + 125°C. 


Nole 3: 
Inputtestsignal: 3.58MHzslnewaveof amplitude 40 IREsupe~mposedon a linearramp (0to 100IRE).Theamplifier Isoperatedat a gain of 2VN 
while driving a 150ohm load. 


Note 4: 
Guaranteedoverthe vonage range,V- < VIN <V + . 


Nole 5: 
Guaranteed by design. 


4. 
iD 
42 
~Z 
38 


CC 
30 
Cl 
a. 
24 
9 18 
Z 
12 
Wa.o 
6 


o 


0.25 0.5 
1 
2 
4 
• 
16 
32 
64 


FREQUENCY 
(MHz) 


OPEN-LOOP 
GAIN va. TEMPERATURE 
c:-1OOO 


~ 
700 
Z 
500 
- 
400 
~ 
300 


W 
200 


...I 
~ 
150 


100 
g 
70 
a. 


~ 
wa.o 


- 


RL= 100CXl 
r-+-J.. 


I 
- 
RL~ 1500 
- 
- 
r- --- 
RL= 750 
I 
10 
-55 -35 -15 
+5 +25 +45+65+85 
+125 


FREE - AIR TEMPERATURE 
(0C) 


PIN 
PIN NUMBER 
FUNCTION 
NAME 
MAX452 
MAX453 
MAX454 
MAX455 


V+ 
6 
6 
12 
18 
Positive Supply, 
+5V 


V- 
3 
3 
4 
6 
Negative Supply, -5V 


VOUT 
8 
8 
14 
20 
Amplifier output 


-IN 
7 
7 
13 
19 
Amplifier's 
inverting input 


+IN 
5 
- 
- 
- 
Amplifier's 
non-inv. input 


INO 
- 
4 
7 
5 
Analog input, channel 0 


IN1 
- 
5 
8 
7 
Analog input, channel 1 


IN2 
- 
- 
10 
9 
Analog input, channel 2 


IN3 
- 
- 
11 
10 
Analog input, channel 3 


IN4 
- 
- 
- 
11 
Analog input, channel 4 


IN5 
- 
- 
- 
13 
Analog input, channel 5 


IN6 
- 
- 
- 
15 
Analog input, channel 6 


IN7 
- 
- 
- 
17 
Analog input, channel 7 


A2 
- 
- 
- 
1 
Channel select, MSB 


A1 
- 
- 
1 
2 
Channel select 


AO 
- 
1 
2 
3 
Channel select, LSB 


GND 
- 
2 
3 
4 
Logic Ground 


_______ 
Detalled Descrlptlon 


The video 
amplifier 
is a low gain, wideband 
op-amp 
optimized 
for driving low impedance 
loads. Open-loop 
gain is about 40VN with a 75 ohm load which introduces a 
small gain error. However, this can readily be trimmed by 
adjusting the gain-setting 
resistors. 


The 
MAX452/3/4/5 
series are unity-gain 
stable when 
driVing resistive loads. They are optimized for driving 75 
ohms at unity gain or 150 ohms at a gain of 2VN with no 
frequency 
compensation 
components 
required. 
Gen- 
erally, for the best transient response, the load resistance 
should be (in ohms) 75 x GAIN(VN). Thus, at a gain of 
+ 6dB (2VN), the amplifier's optimal load is 150 ohms. If a 
higher 
resistive 
load is used, 
the amplifier 
will show 
peaking near its -3dB frequency. 
If a capacitive load is 
being driven, such as the input to a flash converter, the 
load should 
be "isolated" 
by a series resistor to limit 
amplifier ringing, see Figure 4. 


The bandwidth 
of the amplifier 
is affected by both the 
closed-loop 
gain and the load resistor. Table 1 lists the 
-3dB 
rolloff frequency 
for a MAX453/4/5 
with different 
gains and optimal 
resistive loads. The MAX452, which 
doesn't 
have the 
input 
multiplexer, 
runs about 
20% 
higher in bandwidth. 


Table 1. 
Gain and Load Resistor Selection 


GAIN 
f-3dB 
R1 
R2 
R_ 


(VN) 
(MHz) 
(0) 
(0) 
(0) 


1 
50 
0 
00 
75 


2 
40 
1k 
1k 
150 


5 
30 
4k 
1k 
390 


10 
18 
9k 
1k 
750 


The multiplexers feature break-before-make 
switches to 
insure that no two channels are ever connected together. 
Low DC offset voltage and high bandwidth 
allow the 
MAX455 to be cascaded 
to form a 64 channel system 
while retaining video signal fidelity. 


Figure 1 shows a typical application of the MAX455. The 
circuit is being used to drive a back terminated 
75 ohm 
cable. R3 and R4 terminate the cable at both ends. R3 
also attenuates the signal by afactor of two, so to make up 
for the signal loss, the amplifier is run at a gain of 2VN. 
This arrangement proVides unity gain from signal inputto 


cable output. Amplifier closed-loop 
gain is set by R1 and 
R2 giving, 


VOUT = 
V1N 


CMOS logic. The GND pin (which is a logic ground, NOT 
an analog 
ground) 
should 
be 
connected 
to 
digital 
ground. Table 2 shows selected channels for the different 
states of the control lines. If AO,A1, and A2 are leftfloating, 
intemal pullup/pulldown 
sources will hold AOand Allow, 


and A2 high. Thus, channel 0 is the default channel for the 
MAX453 and MAX454, while channel 
4 is the default 
channel for the MAX455. Pullup/pulldown 
currents 
are 
typically around 5~. 


G x (R1 + R2) 


(G x R2) + (R1 + R2) 


Where G is the open-loop 
gain of the amplifier, about 
70VN with a 150 ohm load. Capacitors 
C1 and C2 are 
power supply bypass capacitors. 


Multiplexer channels are selected by the AO, A1, and A2 
pins. These logic pins are compatible 
with either TTL or 


Table 2. 
Channel Selection 


MAX453 
MAX454 
MAX455 


AO 
Channel 
A1 
AO 
Channel 
A2 
A1 
AO 
Channel 


L 
O· 
L 
L 
O· 
L 
L 
L 
0 


H 
1 
L 
H 
1 
L 
L 
H 
1 


H 
L 
2 
L 
H 
L 
2 


H 
H 
3 
L 
H 
H 
3 


H 
L 
L 
4· 


H 
L 
H 
5 


H 
H 
L 
6 


H 
H 
H 
7 


v+ 
+S.r:N 
C1 


~ 
18 
- 
MAX455 
7S0 
R3 
cable 
750 :r::=¥ 
-= 
750 
- 


19 
R2 
LOGIC 
1.(lOkC) 
GROUND 
- 


4 
6 
C2 


v- 
~ 
- 
-S.r:N 
- 


IN7 


IN6 


INS 


ANALOG 
IN4 


INPUT 
IN3 


IN2 


IN1 


Figure 1. Typical Application 
8-42 
.JNI.AXI~ 


_______ 
Typlcal Appllcatlons 


Figure 2 shows the connections 
for a unity-gain amplifier. 


R1 and R2 adjust the gain to be nominally 1JXJVN. R3 is a 
75 ohm load resistor. If precise unity-gain is not needed, 
R1 and R2 can be omitted 
and -IN can be connected 
directly to VOUT. 


Figure 2. Unity-Gain Connections 


Figure 3 shows how 64 channels 
can be multiplexed 
together. Eight MAX455s select 8 out of 64 channels, and 
a final MAX455 selects one of the 8 intermediate channels. 
The first eight 
MAX455s are connected 
as unity-gain 
amplifiers with 150 ohm load resistors. This results in a 
voltage gain of about 0.9'JII N. The 150 ohm loads will also 
cause these unity-gain amplifiers to peak around 40MHz 
which 
tends 
to cancel 
the rolloff of the final amplifier 
running at a gain of 2VN. The overall gain is adjusted by 
R1. The -3dB frequency 
is about 35M Hz. 


Figure 4 shows the amplifier driving a capacitive load. The 
27 ohm resistor provides isolation between the capacitive 


A2 
Al 
NJ 


Xz 
Xl Xo, 


LSBoI 
Address 


Figure 3. Nine MAX455s Used to Multiplex 
64 Channels. 


load and the amplifier 
output. 
This 
minimizes 
signal 
peaking at high frequencies. As a rule, the resistor should 
be chosen such that the RC product 
is 10ns or longer. 


This scheme 
shouldn't 
be used 
if R is greater 
than 
150 ohms (or C is less than 100pF). The amplifier can 
drive 100pF directly without an isolation resistor. 


The video 
amplifier 
is similar to a transconductance 
amplifier in that the output is a current proportional to the 
difference of the input voltage and the feedback voltage. 
Gm is about 0.5 mNmV. 
The output impedance 
of the 
amplifier 
is around 
1k ohms. This gives an unloaded 
voltage gain of, 


Gm x Ro = SOOVN 


or about 54 dB. 


Video signals are often of one polarity, e.g., ranging from 0 
to + 1V full scale. When amplifying these signals, phase 
distortion can be reduced by biasing the output stage of 
the video amplifier as shown in Figure 5. Here a signal is 
driven 0 to +2V into a 150 ohm load. R2 provides 6.5 mA 
of drive to the load at mid scale (1V). The amplifier, instead 
of 
supplying 
0 to 13mA, 
supplies a more 
symmetric 
±8mA 
which reduces 
phase distortion 
to about 1 de- 


gree at 4 MHz. Because of the amplifier's finite gain of 
0.5mNmV, 
the current 
from 
R2 introduces 
an offset 
voltage. Adding R1 compensates 
for this offset. R3 and 
R4 set the closed-loop 
gain of the amplifier. 


Care should 
be taken in laying out the printed circuit 
board 
connections 
to 
minimize 
cross-talk 
between 
channels. 
This can be augmented 
by using 
ground 
traces between the signal paths. 


--q- 
R4 
750 


Power supply 
voltages should 
be maintained 
to within 
± 5% of the nominal ± 5.00v values for optimum 
per- 
formance. 


I 
470pF 


PART 
TEMP. 
RANGE 
PACKAGE 


MAX454MJD 
_55°C 
10 + 125°C 
14 lead CERDIP 


MAX455CPP 
OOClo 
+ 70°C 
20 lead plasllc 
DIP 


MAX455CWP 
OOCIO 
+ 70°C 
20 lead smaJl-outline 


MAX455C1D 
OOCIO 
+ 70°C 
Dice 


MAX455EPP 
-40°C 
10 +85OC 
20 lead clasllc 
DIP 


MAX455EJP 
-40°Clo 
+85OC 
20 lead CERDIP 


MAX455MJP 
_55°C 
10 + 125°C 
20 lead CERDIP 


Chip Topographies 
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>-v- 
. - 
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v+ 
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7 
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4 
GND 
lJ: 
~' 


2 
3 


VOUT 
VOUT 
A2 
A1 
AO 
~ 
.067" 


(1.70mm) 
Note: Connect Die 
(1.70mm) 
MAX452C/D 
Substrate to V+. 
MAX455C/D 
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_______ 
General Description 


The MAX456 features a 64 T-switch 
matrix arranged 
for 


8 input channels 
and 8 output channels. 
Each of the 8 


matrix outputs 
drives an internal video amplifier 
that is 


capable 
of driving 
a load of 4000 
and 20pF to ±1.2V. 
Configuration 
data is entered into the MAX456 by a 7-bit 


parallel word, a 7-bit serial word, or a 32-bit serial stream. 
This data controls the T-switches, which allow each of the 
8 output channels 
to be connected 
to anyone 
of the 8 


input analog channels. 


The MAX456 pin out is arranged 
in a straight-through 


architecture. 
The analog inputs are on one side, and the 


outputs are on the other side with either a power-supply 
line or a "quiet" digital logic line positioned 
between each 


channel to minimize crosstalk. 
Furthermore, the outputs 


line up with 4 MAX457s 
(dual-video 
amplifiers), 
which 


drive 750 cables. 


Video Test Equipment 


Video Security Systems 


Video Editing 


OUTPUT{ 
SELECT 
axa 
T-SWITCH 
MATRIX 


INPUT 1 
SELECT 
OR 
SERIAL 
I/O 


~~I~JXI~~I 


Crosspoint Video Switch 


• 
Programmability 


• 
3 Interface Modes· 
Serial or Parallel Digital 
Interface 


• 
250V/J.!s 
Slew Rate 


• 
Internal 4000 Load Terminations 


• 
0.3" Diff. Phase 


• 
60dB Off Isolation at 5MHz 


D11SER OUT 
1 


DOISER IN 
2 


GND 


INPUT3 


GND 


INPUT4 


_______ 
General Description 


The 
MAX457 contains 
two 
unity-gain 
stable 
video 
amplifiers 
that are capable of driving 750 loads with 
a -3dB bandwidth 
of 70MHz. The amplifiers 
operate 
from 
±5V 
supplies 
and 
together 
consume 
about 
350mW of power. Closed 
loop 
gain 
is set by two 
external resistors. The pinout of the MAX457 follows 
that of conventional 
8-pin, dual op amps. 


The amplifiers 
require no external compensation 
and 
because of the CMOS process offer low input bias 
current of typically 
100pA. The isolation between the 
amplifiers 
is typically 
72dB at 5MHz and differential 
phase and gain are 0.2 degrees and 0.5% respectively. 


750 Cable Drivers 


Output Amplifiers 
for Video Crosspoint 
Switches 


High Speed, Low Gain Applications 


Driving Flash Converters 


Video Distribution 
Amplifiers 


VIDEO 


INPUT 


±1Vp-p 
OUTPUTS 
INTO 750 


Dual CMOS Video Amplifier 


• 
Unity-Gain 
Bandwidth of 70MHz 


• 
Low Input Capacitance: 4pF 


• 
No Frequency Compensation 
Required 


• 
Low Input Bias Current: 100pA 


• 
Directly Drives 750 Cables 


• 
High Isolation Between Amplifiers: 72dB at 5MHz 


• 
Low Offset Voltage: 2mV 


PART 
TEMP. 
RANGE 
PACKAGE 


MAX457CPA 
O°C to +70°C 
8 Lead Plastic 01P 


MAX457CSA 
O°C to +70°C 
8 Lead SO 


MAX457C/0 
O°C to +70°C 
Oice 


MAX457EPA 
-40°C to +85°C 
8 Lead Plastic 01P 


MAX457EJA 
-40°C to +85°C 
8 Lead CEROIP 


Dual CMOS Video Amplifier 


ABSOLUTE MAXIMUM RATINGS 


Total Supply 
Voltage 
(V' to V') 
12V 


Analog 
Input 
Voltage 
(V' 
+0.3V) to (V' -0.3V) 


Storage 
Temperature 
Range 
-65°C 
to +150°C 


Operating 
Temperature 
Range 


MAX457CPA, 
MAX457CSA, 
MAX457C/D 
....................•........ 
0° C to +70° C 


MAX457EPA, 
MAX457EJA 
-40° C to +85° C 


Lead temperature 
(Soldering 
10 see) 
+300° C 


Duration 
of Output 
Short 
Circuit 
to Ground 
Indefinite 


Input 
Current. 
power 
on or off 
±50mA 


Continuous 
Total 
Power 
Dissipation 
at 70° C 


Plastic 
DIP (derate 
8.3mW/oC 
above 
70°C) 
660mW 


CERDIP 
(derate 
8,OmW/oC 
above 
70°C) 
640mW 


Small 
Outline 
(derate 
5,9mWrC 
above 
70°C) 
470mW 


Stresses 
above 
those listed under 
''Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to the device. 
These are stress ratings 
only, and 
functional 
operation 
of the device at these or any other conditions 
above 
those indicated 
in the operational 
sections 
of the specification 
is not 
implied. 
Exposure 
to absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect device 
reliability. 


ELECTRICAL CHARACTERISTICS 
(V' 
= +5V. v· = -5V, -2V S; V'N S; +2V, Output 
Load Resistor 
= 1500, TA = +25°C. 
unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input 
Voltage 
Range 
V'N 
Over Temperature 
Range 
-2 
+2 
V 


Input 
Offset 
Voltage 
Vos 
-5 
±2 
+5 
mV 


Offset 
Voltage 
Drift 
dVosidT 
20 
100 
JJV/oC 


TA = +25°C 
0.1 
1 
Input 
Bias Current 
Ie 
TA = +70°C 
5 
40 
nA 


TA = +85°C 
15 
100 


Input 
Resistance 
R'N 
TA = +25°C 
10 
GO 


Input 
Capacitance 
C'N 
Plastic 
Package 
4 
pF 


Rl 
= 10000 
200 
300 


Open 
Loop 
Voltage 
Gain 
AVOl 
Rl = 1500 
45 
65 
VN 


Rl = 750 
25 
35 


Open 
Loop 
Gain 
Drift 
dAvol/dT 
Rl = 1500 
-0,6 
%rC 
Temperature 
Coefficient 


Common 
Mode 
Rejection 
CMRR 
-2V S; V,N S; +2V 
54 
66 
dB 
Ratio 


Power 
Supply 
Rejection 
PSRR 
±4,5V 
to ±5.5V 
54 
66 
dB 
Ratio 


Slew Rate 
SR 
(Note 
1) 
150 
300 
V/JJS 


-3dB 
Bandwidth 
GBW1 
Av = OdB. Rl = 750 
(Note 
1) 
50 
70 
MHz 


-3dB 
Bandwidth 
GBW2 
Av = 6dB. Rl = 1500 (Note 
1) 
35 
50 
MHz 


Differential 
Phase 
Error 
DP 
(Notes 
1. 2) 
0.2 
deg 


Differential 
Gain 
Error 
DG 
(Notes 
1, 2) 
0.5 
% 


Settling 
Time 
to 1% 
ts 
Rl = 1500, Av = 6dB 
50 
ns 


Output 
Impedance 
ROUT 
f = 100kHz, Av = OdB 
2 
0 


Full Scale Output 
Current 
'OUT 
Rl = 1500 
±15 
±20 
mA 


Output 
Voltage 
Swing 
VOUT 
Rl = 1500 
±2,1 
±2,5 
V 


Input 
Noise, 
DC to 50MHz 
VN 
(Note 
1) 
0.15 
0,5 
mVRMS 


isolation 
Between 
ISOL 
f = 5MHz 
(Note 
1) 
60 
72 
dB 
Amplifiers 


Operating 
Supply 
Voltage 
V', V· 
±4.5 
±5.5 
V 


Supply 
Current 
is 
TA = +25°C 
.. 
30 
35 
42 
mA 
TA = +850C 
Both Amplifiers 
34 
39 
50 


Note 
1: 
Guaranteed 
by design. 


Note 2: 
Input 
test signal: 
3,58MHz 
sine wave of amplitude 
40 IRE superimposed 
on a linear ramp (0 to 100 IRE). The amplifier 
is operated 
at a gain of 2VN 
while 
driving 
a 1500 
load. 
140 IRE = 1.0V. 


Dual CMOS Video Amplifier 


1000 


500 
~l 
-1kO 


~2oo 
z 100 
Rl 
- 1500 


~ 
50 


~ 
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Rl 
- 750 


9 
10 
z 
~ 
5 
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______ 
Detailed Description 


The MAX457's 
dual video amplifiers 
are similar 
in 


design 
to the MAX452 single video amplifier, 
how- 


ever, improvements 
have been made in gain linearity 


and bandwidth. The MAX457 video amplifier is similar 
to a transconductance 
amplifier 
that has an output 


current proportional 
to the difference 
of the voltages 


at the input terminals. That is, 


'OUT = Gm 
x [(VIN+) 
- 
(VIN-)j 


where 
Gm is about 
0.6 ampslV. The output 
impe- 


dance of the amplifier 
is about 1.1kO. This gives an 


unloaded voltage gain of Gm x ROUT= 660VIV. This 
open 
loop gain IS drastically 
reduced when driving 


conventional 
loads of 75 or 1500. 


1000 


500 


~200 
z 
100 


~ 
50 
...o 
20 
9z 
10 
w••. 5 
o 
g 
2 


1 
-55 -35 
-15 
+5 
+25 +45 +{IS +85 
+125 


FREE 
AIR TEMPERATURE 
(0C) 


Rl 
- 1kO- - 


Rl = 15(1:E 


Rl = 750 


where A is the closed loop gain of the amplifier, and 
G is the open 
loop 
gain of the amplifier 
(approx- 


imately 
equal 
to 
Gm 
x 
RLOAO)' In this 
particular 
example, Gm is 0.6, RLOAOis about 1240 [(ROUTpara- 
lleled with (R1 + R2) paralleled with 1500 load)), and 
R2 is 1kO. Thus, G is 0.6 x 124 = 74.4VIV, and A is 
2VIV (the targeted closed loop gain value). This gives 
a value of 1.05kO for R1. C1 and C2 are power supply 
bypass capacitors. 
C3 helps prevent peaking at high 


frequencies. 
This 
peaking 
results 
from 
the 
input 


capacitance 
of the amplifier 
which 
is driven by the 


relatively 
high impedance 
of the feedback 
resistors, 


R1 and R2. At 50MHz, the feedback resistors cause a 
substantial 
phase delay. Adding 
C3 eliminates 
this 


delay. At higher 
closed 
loop gains 
(about 
5VIV or 


more), C3 serves little purpose and should be omitted. 


The MAX457 is unity gain stable when driving a 750 
load. To insure that the amplifier 
doesn't 
oscillate, 


the 
load 
resistor 
should 
be nominally 
75 
x AyCL' 


where AVClt,iS the closed loop gain of the amplifier. 
Following 
t is rule will result in a minimum 
amount 
~ 
•• 
of ringing 
or overshoot. 
Higher values may be used. 
••• 
but peaking of the output signal may occur in the 30 
to 60MHz range. It is generally safe to use loads less 
than 150 x AVCL' Table 1 gives suggested 
loads for 


various closed lOOpgains. R2 is arbitrarily 
chosen to 


be 1kO. R1 is calculated 
to give the nominal closed 


loop gain with the specified 
load. Note that the gain- 


bandwidth 
product 
increases as RLOAOincreases. 


Figure 
1. Typical Application 


Figure 
1 shows a typical 
application 
of one of the 


amplifiers 
of a MAX457 being used to drive a doubly 


terminated 
750 cable. The closed 
loop gain of the 


amplifier 
is 2.00VIV. R1 is 1.05kO instead of 1kO to 
make up for the low open loop gain of the MAX457. 
R1 can be calculated 
from the following 
equation: 


R1 = [(AG + A - G)/(G - A)I 
x R2 


/1I"1/JXI/II"I 
8-49 


GAIN 
f-3dB 
R1 
R2 
Rlood 
(VIV) 
(MHz) 
(0) 
(0) 
(0) 


1 
70 
39 
1000 
75 


2 
50 
1050 
1000 
150 


5 
40 
4170 
1000 
390 


10 
25 
9420 
1000 
750 


Dual CMOS Video Amplifier 


If the MAX457 is used to drive a capacitive 
load, such 
as the input to a flash converter, the load capacitance 
should 
be isolated 
by a series resistor to limit ampli- 
fier 
ringing. 
Figure 
2 shows 
how this is done. As a 


rule, the resistor 
should 
be chosen 
such that the RC 
product 
is 10ns or longer. 
This scheme 
needn't 
be 
used if CLOAO 
is less than 100pF. 


VOUT 
CLOAD 
I 470pF 


r 
O~1 


.063" 
-IN1 


( 1·60 


1 


mm 
) +IN1 


v- 


.063" 


(1.60mm) 


_______ 
Genera. Description 


The MAX900-903 high-speed, 
low-power, single/dual/ 
quad 
voltage 
comparators 
feature 
differential 
ana- 
log inputs and TTL logic outputs 
with active 
internal 
pull-ups. 
Fast propagation 
delay 
(8ns typ at SmV 
overdrive) 
makes the MAX900-903 
ideal for fast AID 


converters 
and sampling 
circuits, 
line receivers, 
V/F 


converters, 
and many other data-discrimination 
ap- 


plications. 


All 
comparators 
can 
be 
powered 
from 
separate 
analog 
and digital 
power supplies 
or from a single 
combined 
supply 
voltage. 
The 
analog 
input 
common-mode 
range includes 
the negative 
rail, al- 
lowing ground 
sensing 
when powered 
from a single 
supply. 
The MAX900-903 
consume 
18mW per com- 


parator 
when powered 
from +Sv. 


The 
MAX900-903 
are equipped 
with 
independent 


TTL compatible 
latch inputs. 
The comparator 
output 
states are held when the latch inputs are driven low. 
The MAX901 provides 
the same performance 
as the 
MAX900, 
MAX902, 
and MAX903 with the exception 
of the latches. 


__________ 
App.ications 


High-Speed AID Converters 


High-Speed V/F Converters 


Line Receivers 


Threshold Detectors 


Input Trigger Circuitry 


High-Speed Data Sampling 


PWM Circuits 


~~I~JXI~~I 


High-Speed, Low-Power 


Voltage Comparators 


___________ 
Features 


• 
8ns Typ Propagation 
Delay 


• 
18mW/Comparator Power Consumption (Typ at +5V) 


• 
Separate Analog and Digital Supplies 


• 
Flexible Analog Supply: +5V to +1OV or ±5V 


• 
Input Range Includes Negative Supply Rail 


• 
TTL Compatible 
Outputs 


• 
TTL Compatible 
Latch Inputs (Except MAX901) 


PART 
TEMP. RANGE 
PIN·PACKAGE 


MAX900ACPP 
O'C to +70'C 
20 Plastic DIP 


MAX900BCPP 
O'C to+70'C 
20 Plastic DIP 


MAX900ACWP 
O'Cto 
+70'C 
20 Wide SO 


MAX900BCWP 
O'Cto 
+70'C 
20 Wide SO 


MAX900BC/D 
O'C to +70'C 
Dice' 


MAX900AEPP 
-40'C to +8S'C 
20 Plastic DIP 


MAX900BEPP 
-40'C to +8S"C 
20 Plastic DIP 


MAX900AEWP 
-40'C to +8S'C 
20 Wide SO 


MAX900BEWP 
-40'C to +8S'C 
20 Wide SO 


MAX900AMJP 
-SS'C to + 12S'C 
20CERDIP 


MAX900BMJP 
-SS'C to +12S'C 
20CERDIP 


IN-(D) 


INt(D) 


Vcc" 


OUT (D) 


OUT (C) 


Voo'" 


IN+(C) 


9 
IN-(C) 


/~I/JXI/~I 


/VI/J )( I/VI 
is a registered 
trademark 
of Maxim Integrated 
Products. 


Vcc" 


N.C 


OUT (B) 


LATCH 
(B) 


Voo'" 


ANALOG 
V- AND SUBSTRATE 


•• 
ANALOG 
V+ 


••• 
DIGITAL 
V+ 


High-Speed, Low-Power 
Voltage Comparators 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


Analog Supply Voltage (Vcc to VEE) . 
+ 12V 
Digital Supply Voltage (Voo to GND) . 
+ 7V 
Differential 
Input Voltage 
[VEE-O.2V 1 to [VCC+0.2V] 


Common-Mode 
Input Voltage 
.. [VEE-0.2V ] to [Vcc+0.2V] 
Latch Input Voltage (MAX900/902/903 
only) -0.2V to [Voo+0.2V] 


Output Short-Circuit 
Duration 
toGND 
toVoo. 


Internal Power Dissipation 
Derate above + 1OO·C 


Operating 
Temperature 
Ranges: 


MAX9QO-903_C_ 
_ 
O·C to +70'C 


MAX90D-903_E 
__ 
-40'C to +SS·C 


MAX9QO-903_M_ 
_ 
-SS'C to + 12S'C 


Junction Temperature 
(Tj) 
-6S'C to +160'C 


Storage Temperature 
Range 
.. -6S'C to + lS0'C 


Lead Temperature 
(soldering, 
10 see) . 
. . +300'C 
. Indefinite 


..........•. 
1 min 


. . . . . . . . . . . 
. .... 
SOOmW 


...................... 
10mWrC 


Note 1: 
Absolute 
maximum 
ratings apply to both packaged 
parts and dice, unless otherwise 
noted. 


~~:;:t7~nb;r~~d 
d~~i~~ 
'~tfte~~~~r 
;~~~~h~t; 
c~~'!/~nn; 
~~~~~~·rr:gle 
~~~f~af:~%a~::~%~':a~g~;fs~~tg~~j6~·th~h:~:c~r~:t~~ 
fsa~~?fmC;;:~:nff::a~~~~ 
absolute 
maximum 
rating conditions 
for extended 
periods 
may affect device 
reliability. 


ELECTRICAL CHARACTERISTICS 
(VCC = +sv, VEE = -sv, Voo = +SV, LE1-LE4 = Logic High, TA = +2S'C, unless otherwise 
noted.) 


MAX900Al901 
A 
MAX900B/901 
B/902/903 
PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset Voltage 
Vos 
VCM = OV, 
O.S 
10 
1.0 
4.0 
mV 
Vo = 1.4V 


Input Bias Current 
IB 
ItN+ or ItN- 
3 
6 
4 
10 
J.1A 


Input Offset Current 
10S 
VCM = OV, 
SO 
2S0 
100 
SOO 
nA 
Vo = l.4V 


Input Voltage Range 
VCM 
(Note 2) 
VEE-O.l 
VCC-2.2S 
VEE-O.l 
VCC-2.2S 
V 


Common-Mode 
-SV<VCM<+2.7S, 


Rejection Ratio 
CMRR 
VO=l.4V 
SO 
lS0 
7S 
2S0 
/lVN 


(Note 3) 


Power-Supply 
Rejection Ratio 
PSRR 
(Note 3) 
SO 
lS0 
100 
2S0 
/lVN 


Output High Voltage 
VOH 
VIN>2S0mV, 
2.4 
3.S 
2.4 
3.S 
V 
ISRC= lmA 


Output Low Voltage 
VOL 
VIN>2S0mV, 
03 
0.4 
0.3 
0.4 
V 
ISINK= SmA 


Latch Input Voltage High 
VLH 
(Note 4) 
1.4 
2.0 
1.4 
20 
V 


Latch Input Voltage Low 
VLL 
(Note 4) 
OS 
1.4 
O.S 
1.4 
V 


Latch Input Current High 
ILH 
VLH = 3.0V 
1 
20 
1 
20 
J.1A 
(Note 4) 


Latch Input Current Low 
ILL 
VLL = 0.3V 
1 
20 
1 
20 
J.1A 
(Note 4) 


High-Speed, Low-Power 
Voltage Comparators 


ELECTRICAL CHARACTERISTICS 
(continued) 


(Vee = +5V, VEE = -5V, VDD = +5V, LE1-LE4 = Logic High, TA = +25'C, 
unless otherwise 
noted.) 


MAX900AlMAX901 
A 
MAX902 
MAX903 


PARAMETER 
SYMBOL 
CONDITIONS 
MAX900B/MAX901 
B 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Positive Analog Supply Current 
Ice 
(Note 8) 
10 
15 
5 
8 
25 
4 
mA 


Negative Analog Supply Current 
lEE 
(Note 8) 
7 
12 
3.5 
6 
2 
3 
mA 


Digital Supply Current 
IDD 
(Note 8) 
4 
6 
2 
3 
1 
1.5 
mA 


Power Dissipation 
PD 
Vcc = Voo = +5V, 
70 
105 
35 
55 
18 
28 
mW 
VEE = OV 


TIMING CHARACTERISTICS 
(Vee = +5V, VEE = -5V, VDD = +5V, LE1-LE4 = Logic High, TA = +25'C, 
unless otherwise 
noted.) 


MAX900AlMAX901 
A 
MAX902 
MAX903 


PARAMETER 
SYMBOL 
CONDITIONS 
MAX900B/MAX901 
B 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VOD = 5mV, 


Input-to-Output 
High 
tpd+ 
CL = 15pF, 
8 
10 
8 
10 
8 
10 
ns 
Response Time 
10 = 2mA 
(Note 5) 


VOD = 5mV, 


Input-to-Output 
Low 
tpd- 
CL = 15pF, 
8 
10 
8 
10 
8 
10 
ns 
Response Time 
10 = 2mA 
(Note 5) 


Difference 
in Response 
t.tpd 
(Notes 5,6) 
0.5 
2.0 
05 
20 
05 
2.0 
ns 
Time Between Outputs 


Latch Disable to Output 
tpd+(D) 
(Notes 4,7) 
10 
10 
10 
ns 
High Delay 


Latch Disable to Output 
tpd-(D) 
(Notes 4,7) 
12 
12 
12 
ns 
Low Delay 


Minimum Setup Time 
ts 
(Notes 4,7) 
2 
2 
2 
ns 


Minimum Hold Time 
th 
(Notes 4,7) 
1 
1 
1 
ns 


Minimum Latch Disable 
tpw(D) 
(Notes 4,7) 
10 
10 
10 
ns 
Pulse Width 


The input common-mode 
voltage and input signal voltages should not be allowed to go negative by more than 0.2V below VEE. 


The upper end of the common-mode 
voltage range is typically 
Vee-2V, 
but either or both inputs can go to a maximum of 
Vee+0.2V 
without damage. 


Tested for +4.75V<Vee<+5.25V, 
and -5.25V<VEE<-4.75V 
with VDD = +5V, although permissible 
analog power-supply 
range is 
+4.75V<Vee<+ 
10.5V for single-supply 
operation with VEE grounded. 
Specification 
does not apply to MAX901. 
Guaranteed 
by design. 
Times are for 100mV step inputs (see propagation 
delay characteristics 
in Figures 2 and 3). 
Maximum difference 
in propagation 
delay between any of the four comparators 
in the MAX900/901/902/903. 


See Timing Diagram (Figure 2). Owing to the difficult and critical nature of switching 
measurements 
involving the latch, these 
parameters 
cannot be tested in a production 
environment. 
Typical specifications 
listed are taken from measurements 
using a 


high-speed 
test-jig. 


Ice tested 
for +4.75V<Vee<+10.5V 
with VEE grounded. 
lEE tested for -5.25V<VEE<-4.75V 
with Vee = +5V. 
IDD tested for 
+4.75V<VDD<+5.25V 
with the worst-case 
condition 
of all four comparator 
outputs at logic low. 


Note 3: 


Note 4: 
NoteS: 
Note 6: 
Note 7: 


- 


High-Speed, Low-Power 
Voltage Comparators 


ELECTRICAL CHARACTERISTICS 
(VCC = +5V, VEE = -5V, Voo = +5V, LE1-LE4 = Logic High; TA = Full Operating 
Temperature, 
unless otherwise 
noted.) 


MAX900Al901 
A 
MAX900B/901 
B/902/903 
PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset Voltage 
VOS 
VCM = OV, 
1 
2 
2 
6 
mV 
VO=l.4V 


Input Bias Current 
IB 
IIN+ or IIN- 
4 
10 
6 
15 
IlA 


Input Offset Current 
10S 
VCM = OV, 
100 
500 
200 
800 
nA 
VO=l.4V 


Input Voltage Range 
VCM 
(Note 2) 
VEE-O.l 
VCC-2.25 
VEE-O.l 
VCC-2.25 
V 


Common-Mode 
-5V<VCM<+2.75V, 


Rejection Ratio 
CMRR 
Vo = l.4V 
80 
250 
120 
500 
!1VN 
(Note 3) 


Power-Supply 
Rejection Ratio 
PSRR 
(Note 3) 
100 
250 
150 
500 
!1VN 


Output High Voltage 
VOH 
VIN>250mV, 
2.4 
35 
2.4 
3.5 
V 
ISRC= lmA 


Output Low Voltage 
VOL 
VIN>250mV, 
0.3 
0.4 
0.3 
0.4 
V 
ISINK= 8mA 


Latch Input Voltage High 
VLH 
(Note 8) 
1.4 
2.0 
1.4 
2.0 
V 


Latch Input Voltage Low 
VLL 
(Note 8) 
08 
1.4 
0.8 
1.4 
V 


Latch Input Current High 
ILH 
VLH = 3.0V 
2 
20 
1 
20 
IlA 
(Note 8) 


Latch Input Current Low 
ILL 
VLL = 0.3V 
2 
20 
1 
20 
IlA 
(Note 8) 


MAX900AlMAX901 
A 
MAX902 
MAX903 


PARAMETER 
SYMBOL 
CONDITIONS 
MAX900B/MAX901 
B 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Positive Analog Supply 
Icc 
(Note 8) 
10 
25 
5 
12 
2.5 
6 
mA 
Current 


Negative 
Analog 
lEE 
(Note 8) 
7 
20 
3.5 
10 
2 
5 
mA 
Supply Current 


Digital Supply Current 
100 
(Note 8) 
4 
10 
2 
5 
1 
2.5 
mA 


Power Dissipation 
Po 
VCC = Voo = +5V, 
70 
105 
35 
55 
18 
28 
mW 
VEE = OV 


High-Speed, Low-Power 


Voltage Comparators 


TIMING CHARACTERISTICS 
(Vee = +5V, VEE = -5V, Voo = +5V, LE1-LE4 = Logic High, TA = TMIN to TMAX, unless otherwise 
noted.) 


MAX900Al901 
A 
MAX900B/901 
B/902/903 
PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Voo = 5mV 
Input-to-Output 
High 
tpd+ 
CL = 15pF 
10 
15 
10 
15 
ns 
Response Time 
10 = 2mA 
(Note 5) 


Voo= 
5mV 
Input-to-Output 
Low 
tpd- 
CL = 15pF 
10 
15 
10 
15 
ns 
Response 
Time 
10 = 2mA 
(Note 5) 


Difference 
in Response Time 
t.tpd 
(Notes 5,6) 
1 
3 
1 
3 
ns 
Between Outputs 


Note 2: 
The input common-mode 
voltage or either input signal voltage 
should not be allowed to go negative 
by more than 0.2V below 


VEE. The upper end of the common-mode 
voltage range is typically 
Vee-2.0V, 
but either or both inputs can go to a maximum 


of Vee+0.2V 
without damage. 


Note 3: 
Tested for +4.75V<Vee<+5.25V, 
and -5.25V<VEE<-4.75V 
with Voo = +5V, although permissible 
analog power-supply 
range is 


+4.75V<Vee<+ 
10.5V for single-supply 
operation with VEE grounded. 


Note 4: 
Specification 
does not apply to MAX901. 


Note 5: 
Guaranteed 
by design. 
Times are for 100mV step inputs (see propagation 
delay characteristics 
in Figures 2 and 3). 


Note 6: 
Maximum difference 
in propagation 
delay between any of the four comparators 
in the MAX900/901/902/903. 


Note 7: 
See Timing Diagram (Figure 2). Owing to the difficult and critical nature of switching 
measurements 
involving the latch, these 


parameters 
cannot be tested in a production 
environment. 
Typical specifications 
listed are taken from measurements 
using a 


high-speed 
test-jig. 


Note 8: 
Ice tested for +4.75V<Vee<+ 
10.5V with VEE grounded. 
lEE tested for -5.25V<VEE<-4.75V 
with Vee = +5V. 
100 tested for 
+4.75V<Voo<+5.25V 
with the worst-case 
condition 
of all four comparator 
outputs at logic low. 


INPUT OFFSET VOLTAGE 
Y5. TEMPERATURE 
INPUT BIAS CURRENT 
Y5. TEMPERATURE 
OUTPUT 
LOW VOLTAGE 


(VoL) 
V5. LOAD CURRENT 
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CW) 
Typical Operating 
Characteristics 
(continued) 
o 


~o 


~,..o 


~co 
=i 


Ice SUPPLY 
CURRENT 
INPUT 
OVERDRIVE 
VS. 
INPUT 
OVERDRIVE 
VS. 
(PER 
COMPARATOR) 
VS. Vee 
tpd+ RESPONSE 
TIME 
tpd- 
RESPONSE 
TIME 
SUPPLY 
VOLTAGE 
(Voo = +5V) 
w 
w 
(,? 
(,? 
;; 
3.0 
TA = +125°C 
~ 
~ 
.s 
0 
0 
2.8 
~~ 
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Ipd- RESPONSETIME (ns) 
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TIME 
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(5mV 
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Voltage Comparators 


__________________________ 
Pin Descriptions 


PIN 
NAME 
FUNCTION 


1,10,11,20 
IN- (A, B, C, D) 
Negative 
Input 


(Channels 
A, B, C, D) 


2,9,12,19 
IN+ (A, B, C, D) 
Positive Input 
(Channels 
A, B, C, D) 


3 
GND 
Ground Terminal 


4,7,14,17 
LATCH (A, B, C, D) 
Latch Input 
(Channels 
A, B, C, D) 


5,6,15,16 
OUT (A, B, C, D) 
Output 
(Channels 
A, B, C, D) 


8 
VEE 
Negative Analog Supply 
and Substrate 


13 
Voo 
Positive Digital Supply 


18 
Vcc 
Positive Analog Supply 


PIN 
NAME 
FUNCTION 


1,8 
IN-(A,B) 
Negative 
Input 
(Channels 
A, B) 


2,9 
IN+ (A, B) 
Positive Input 
(Channels 
A, B) 


3 
GND 
Ground Terminal 


4,11 
LATCH (A, B) 
Latch Input 
(Channels 
A, B) 


5,12 
OUT (A, B) 
Output 
(Channels 
A, B) 


6,13 
N.C. 
No Connect 


7 
VEE 
Negative Analog Supply 
and Substrate 


10 
Voo 
Positive Digital Supply 


14 
VCC 
Pos~ive Analog Supply 


PIN 
NAME 
FUNCTION 


1,8,9,16 
IN- (A, B, C, D) 
Negative 
Input 
(Channels 
A, B, C, D) 


2,7,10,15 
IN+ (A, B, C, D) 
Positive Input 
(Channels 
A, B, C, D) 


3 
GND 
Ground Terminal 


4,5,12,13 
OUT (A, B, C, D) 
Output 
(Channels 
A, B, C, D) 


6 
VEE 
Negative Analog Supply 
and Substrate 


11 
Voo 
Positive Digital Supply 


14 
Vcc 
Positive Analog Supply 


PIN 
NAME 
FUNCTION 


1 
VCC 
Pos~ive Analog Supply 


2 
IN+ 
Positive Input 


3 
IN- 
Negative 
Input 


4 
VEE 
Negative Analog Supply 
and Substrate 


5 
LATCH 
Latch Input 


6 
GND 
Ground Terminal 


7 
OUT 
Output 


8 
Voo 
Positive Digital Supply 


High-Speed, L.ow-Power 
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____ 
Applications Information 


Circuit Layout 


Because of the large gain-bandwidth 
transfer function of 
the MAX900-903, 
special 
precautions 
must be taken to 
realize their full high-speed 
capability. 
A printed circuit 
board with a good, low-inductance 
ground plane is man- 
datory. 
All decoupling 
capacitors 
(the small 100nF ce- 
ramic type is a good choice) should be mounted as close 
as possible to the power-supply 
pins. 
Separate decou- 
piing capacitors 
for analog Vcc and for digital Voo are 
also recommended. 
Close attention should be paid to the 
bandwidth of the decoupling and terminating components. 
Short lead lengths on the inputs and outputs are essential 
to avoid unwanted parasitic feedback 
around the compa- 
rators. Solder the device directly to the printed circuit board 
instead of using a socket. 


Input Slew-Rate Requirements 


As with 
all high-speed 
comparators, 
the 
high 
gain- 
bandwidth 
product of the MAX90Q-903 can create oscil- 
lation problems when the input traverses the linear region. 
For clean output switching without oscillation 
or steps in 
the output waveform, the input must meet minimum slew- 
rate requirements. 
Oscillation 
is largely 
a function 
of 
board layout and of coupled source impedance 
and stray 
input capacitance. 
Both poor layout and large source 
impedance 
will cause the part to oscillate and increase 
the minimum 
slew-rate 
requirement. 
In some applica- 
tions, it may be helpful to apply some positive feedback 


between the output and + input. 
This pushes the output 
through the transition 
region cleanly, but applies 
a hys- 
teresis in threshold seen at the input terminals. 


TTL Output and Latch Inputs 


The comparator 
TIL 
output 
stages 
are optimized 
for 
driving low-power 
Schottky TIL with a fan-out of four. 


When the latch is connected 
to a logic high level or left 
floating, the comparator 
is transparent 
and immediately 
responds 
to changes 
at the input terminals. 
When the 
latch is connected 
to a TIL 
low level, the comparator 
output latches in the same state as at the instant that the 
latch command 
is applied, 
and will not respond to sub- 
sequent 
changes 
at the input. 
No latch is provided 
on 
the MAX901. 


Power Supplies 


The MAX900-903 can be powered from separate analog 
and digital supplies 
or from a single +5V supply. 
The 
analog 
supply 
can range from +5V to + 1OV with VEE 
grounded 
for single-supply 
operation 
(Figures 
1A and 
1B)orfrom 
a split±5V supply (Figure 1C). The Voo digital 
supply always requires +5V. 


In high-speed, 
mixed-signal 
applications 
where a com- 
mon ground 
is shared, a noisy digital environment 
can 
adversely 
affect the analog 
input signal. 
When set up 
with separate 
supplies 
(Figure 
1C), the 
MAX900-903 
isolate analog and digital signals by providing a separate 
AGND(VEE) and DGND. 


High-Speed, I.ow-Power 
Voltage Comparators 


_________________________ 
Definifion of Terms 


Vos 
Input Offset Voltage: 
Voltage applied 
be- 


tween the two input terminals 
to obtain TTL 


logic threshold (+ 1.4V) at the output. 


VIN 
Input Voltage Pulse Amplitude: 
Usually set 


to 1OOmVfor comparator 
specifications. 


VOD 
Input 
Voltage 
Overdrive: 
Usually 
set to 
5mV and in opposite 
polarity to VIN for com- 


parator specifications. 


tpd+ 
Input to Output High Delay: 
The propagation 
delay measured from the time the input signal 
crosses the input offset voltage to the TTL logic 
threshold of an output low to high transistion. 


tpd- 
Input to Output Low Delay: 
The propagation 


delay measured from the time the input signal 
crosses the input offset voltage to the TTL logic 
threshold of an output high to low transition. 


tpd+ (D) 
Latch 
Disable 
to Output 
High 
Delay: 
The 
propagation 
delay measured 
from the latch 
signal crossing the TTL threshold 
in a low to 


high transition to the point of the output cross- 
ing TTL threshold 
in a low to high transition. 


tpd- (D) 
Latch 
Disable 
to Output 
Low Delay: 
The 


propagation 
delay measured 
from the latch 


signal crossing 
the TTL threshold 
in a low to 


high 
transition 
to the 
point 
of the 
output 


crossing 
TTL threshold 
in a high to low tran- 
sition. 


ts 
Minimum 
Setup Time: 
The minimum 
time 


before the negative transition of the latch sig- 
nal that an input signal change must be pres- 
ent in order to be acquired 
and held at the 


outputs. 


th 
Minimum 
Hold Time: 
The minimum 
time 


after the negative 
transition 
of the latch sig- 


nal that 
an input 
signal 
must 
remain 
un- 
changed 
in order to be acquired 
and held at 


the output. 


tpw (D) 
Minimum Latch Disable Pluse Width: 
The 


minimum 
time that the latch signal must re- 


main high in order to acquire and hold an input 
signal change. 
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LATCH 


ENABLE 
INPUT 


LATCH 


14V 
--- 


LATCH 


== 
~ 
rJ 
I 


~ 


INPUTTO 
lOX 


SCOPE 
PROBE 
(10Mn, 
14pF) 


Voc 


OFFSET 
ADJUST 


OUTPUTTO 
lOX 


SCOPE 
PROBE 


(10Mn,14pF) 


loonF 


OCTAL 
8-81T 
OAC 


UNOER 
LIMIT 


OVER 
LIMIT 


UNOER 
LIMIT 


UNOER 
LIMIT 


UNDER 
LIMIT 


UNDER 
LIMIT 


OVER 
LIMIT 


OVER 
LIMIT 


MAX901 


8X8 
DATA 
LATCH 


High-Speed, L.ow-Power 
Voltage Comparators 


_______ 
Typical Application 


Programmed, Variable-Alarm Limits 


By combining 
two quad 
analog 
comparators 
with 
an 


octal, 8-bit D/A converter 
(the MX7228). 
several alarm 
and 
limit-defect 
functions 
can 
be performed 
simulta- 


neously without external adjustments. 


The MX7228's internal latches allow the system processor 
to set the limit points for each comparator 
independently 
and update them at any time. 
Set the upper and lower 
thresholds 
for a single transducer 
by pairing 
the D/A 
converter and comparator 
sections. 


High-Speed, Low-Power 
Voltage Comparators 


_ Ordering Information 
(continued} 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MAX901ACPE 
O'Cto 
+70'C 
16 Plastic DIP 


MAX901BCPE 
O'Cto 
+70'C 
16 Plastic DIP 


MAX901ACSE 
O'Cto 
+70'C 
16 Narrow SO 


MAX901BCSE 
O'Cto 
+70"C 
16 Narrow SO 


MAX901BC/D 
O"C to +70"C 
Dice' 


MAX901AEPE 
-40"C to +S5"C 
16 Plastic DIP 


MAX901BEPE 
-40"C to +S5'C 
16 Plastic DIP 


MAX901AESE 
-40"C to +S5"C 
16 Narrow SO 


MAX901BESE 
-40"C to +S5"C 
16 Narrow SO 


MAX901AMJE 
-55"C to + 125"C 
16CERDIP 


MAX901BMJE 
-55"C to + 125"C 
16CERDIP 


MAX902CPD 
O"C to +70"C 
14 Plastic DIP 


MAX902CSD 
o"C to +70"C 
14 Narrow SO 


MAX902C/D 
O'Cto 
+70"C 
Dice' 


MAX902EPD 
-40"C to +S5'C 
14 Plastic DIP 


MAX902ESD 
-40"C to +S5"C 
14 Narrow SO 


MAX902MJD 
-55'C to + 125"C 
14CERDIP 


MAX903CPA 
O"Cto +70"C 
S Plastic DIP 


MAX903CSA 
O"C to +70"C 
SSO 


MAX903C/D 
O"C to +70"C 
Dice' 


MAX903EPA 
-40"C to +S5"C 
S Plastic DIP 


MAX903ESA 
-40'C to +S5"C 
SSO 


MAX903MJA 
-55"C to +125'C 
SCERDIP 


IN-(O) 


IN+(O) 


vcc" 


LATCH (0) 


OUT (0) 


OUT (C) 


LATCH (C) 


Voo'" 


IN+(C) 


IN-(C) 


• 
ANALOG 
V- AND SUBSTRATE 
,. 
ANALOG 
V+ 


••• 
DIGITAL 
V+ 


+IN(C) 1 


-IN(C) 0.068" 


(l.73mm) 


-IN(B) 


ADVANCE 
INFORMATION 


First Page of Data Sheet in Preparation 
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High-Speed, Clocked D - Flip Flop, 


ECL Voltage Comparators 


_______ 
General Description 


The MAX905/MAX906 
high-speed, 
ECl compatible 
volt- 


age comparators 
eliminate oscillation 
by separating 
the 
comparator 
input 
and 
output 
stages 
with a clocked, 
master-slave 
D flip-flop. 
Typical 
comparator 
propaga- 


tion delay is 2ns. 


The MAX905/MAX906 
feature separate analog and digi- 


tal grounds, 
and can operate from dual, single positive, 
or single negative supplies. 


The MAX905 is a single Eel 
comparator, 
and comes in 
14-lead DIP and SO packages. 
The MAX906 is a dual 
ECl 
comparator, 
and 
comes 
in 16-lead 
DIP and SO 


packages. 
__________ 
Applications 


High-Speed 
A/D Converters 


High-Speed 
Line Receivers 


Peak Detectors 


Threshold Detectors 


High-Speed 
Triggers 


DGND 


CLK 


10 
CLK 


• 
Immune to Oscillation 


• 
Resolves ±1mV Input Voltages 


• 
Typical 2ns Propagation 
Delay 


• 
Propagation 
Delay Insensitive to 
Input Overdrive 


• 
Input Common Mode Range Includes 
Negative Supply 


PART 
TEMP. RANGE 
PIN·PACKAGE 


MAX90SCPD 
O'C to +70'C 
14 Plastic DIP 


MAX90SCSD 
O'C to +70'C 
14S0 


MAX90SC/D 
o'C to +70'C 
Dice' 


MAX90SEPD 
-40'C to +8S'C 
14 Plastic DIP 


MAX90SESD 
-40'C to +8S'C 
14S0 


MAX90SMJD 
-SS'C to + 12S'C 
14 CERDIP 


MAX906CPE 
O'Cto 
+70'C 
16 Plastic DIP 


MAX906CSE 
O'C to +70'C 
16S0 


MAX906C/D 
O'C to +70'C 
Dice' 


MAX906EPA 
-40'C to +8S'C 
16 Plastic DIP 


MAX906ESE 
-40'C to +8S'C 
16S0 


MAX906MJE 
-40'C to + 12S'C 
16 CERDIP 


D MASTER 
Q 
SLAVE 


Q 
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MAX500 
MAX501 
MAX502 
MAX505 
MAX506 
MAX507 
MAX508 
MAX514 
~ 


MAX516 
MAX526 
__ 


MAX528 
MAX543 


CMOS 
Quad, Serial 
Interface, 
8-Bit 
D/A Converter 
9-1 


Voltage 
Output, 
12-Bit Multiplying 
DAC 
9-13 


Voltage 
Output, 
12-Bit Multiplying 
DAC 
9-13 


CMOS 
Quad 8-Bit 
D/A Converters 
. .. . .. .. .. . . .. .. . .. . . . .. .. . .. .. .. .. .. . .. . .. .. .. .. . .. 
9-15 


CMOS 
Quad 8-Bit 
D/A Converters 
. .. . .. .. .. .. .. .. .. .. .. .. . .. .. .. .. .. .. . .. . .. .. .. . . . .. 
9-15 


Voltage 
Output, 
12-Bit DAC with 
Internal 
Reference 
9-17 


Voltage 
Output, 
12-Bit DAC with 
Internal 
Reference 
9-17 


Quad-CMOS 
12-Bit Serial 
Input Multiplying 
D/A Converter 
9-19 


Quad, 
DAC-Programmed 
CMOS 
Comparators 
9-21 


CMOS 
Quad 
12-Bit Voltage 
Output 
D/A Converter 
9-23 


Octal, 8-Bit, Serial 
DAC 
9-25 


CMOS 
12-Bit Serial 
Multiplying 
D/A Converter 
9-27 


CMOS Quad, Serial Interlace, 


8·8it D/A Converter 


_______ 
General Description 


MAX500 is a quad 8-bit voltage output digital to analog 
converter 
(DAC) with a cascadable 
serial interface. The 
MAX500 circuit includes four output buffer amplifiers and 
input logic for an easy-to-use 
two- or three-wire 
serial 


interface. 
In a system with several MAX500s, 
only one 


serial data line is required 
to load all the DACs by cas- 


cading 
them. 
The 
MAX500 
contains 
double-buffered 


logic and a 10-bit shift register which allows all four DACs 
to be updated 
simultaneously 
using one control signal. 


There are three reference inputs so that the range of two 
of the DACs can be independently 
set while the other two 
DACs track each other. 


The MAX500 
achieves 
8-bit performance 
over the full 


operating 
temperature 
ranges without external trimming. 


Minimum Component 
Count Analog Systems 


Digital Offset/Gain Adjustment 


Industrial Process Control 


Arbitrary Function Generators 


Automatic Test Equipment 


• 
Buffered Voltage Outputs 


• 
Double-Buffered 
Digital Inputs 


• 
Microprocessor 
and nUCMOS 
Compatible 


• 
Requires No External Adjustments 


• 
Two- or Three-Wire 
Cascadable 
serial Interface 


• 
16-Pin Package 


• 
Operates from Single or Dual Supplies 


PART 
TEMP. RANGE 
PACKAGE 
ERROR 
MAXSOOACPE 
O'C to 
+70'C 
Plastic DIP 
±1 LSB 


MAXSOOBCPE 
O'C to 
+70'C 
Plastic DIP 
±2LSB 


MAXSOOACWE 
O'C to 
+70'C 
Wide SO 
±1 LSB 


MAXSOOBCWE 
O'C to 
+70'C 
Wide SO 
±2LSB 


MAXSOOBC/D 
O'C to 
+70'C 
Dice 
±2LSB 


MAXSOOAEWE 
-40'C to 
+8S'C 
Wide SO 
±1 LSB 


MAXSOOBEWE 
-40'C to 
+8S'C 
Wide SO 
+2LSB 


MAXSOOAEJE 
-40'C to 
+8S'C 
CERDIP 
±1 LSB 


MAXSOOBEJE 
-40'C to 
+8S'C 
CERDIP 
±2LSB 


MAXSOOAMJE 
-SS'C to 
+ 12S'C 
CERDIP 
±1 LSB 


MAXSOOBMJE 
-SS'C to 
+ 12S'C 
CERDIP 
±2LSB 


VaujB 
VaurC 
Ir.- 
VaurA 
VaurD 


Vss 
vaa 


VREFNB 
-""AXI-"" 
VREFC 


AGND 
MAX500 
VREFD 


DGND 
SRD 


LDAC 
SCL 


SDA 
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Vooto AGND 


Vooto DGND 


. Vssto DGND 


VODto Vss. 
Digital Input Voltage to DGND . 


VREFto AGND ... 


VOUTto AGND (Note 1) 


Power Dissipation 
(any package) 
to +7S·C 
SOOmW 


Derate Above 
+7S·C 
8mWrC 


Operating 
Temperature 
Range 
MAXSOOXC 
O·C to + 70·C 


MAXSOOXE 
-40·C to +8S·C 


MAXSOOXM 
-SS·C to +12S·C 


Storage Temperature 
-6S·C to +1S0"C 


Lead Temperature 
(soldering 
10 sec.) 
+300·C 


..................... 
-03V, 
+ 17V 


................... 
-0.3V, + 17V 


....... 
-7V, Voo +0.3V 


....... 
-0.3V, +24V 


. -0.3V, Voo +0.3V 


. .. 
-0.3V, Voo +0.3V 


.................. 
-0.3V, Voo +0.3V 


Stresses above those listed under -Absolute Maximum 
Ratings· may cause permanent 
damage 
to the device. 
These are stress ratings only, and functional 


operation of the device at these or any other conditions above those indicated 
in the operational sections of the specifications is not implied. Exposure to 


absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL CHARACTERISTICS: 
Dual Supply Specifications 


(Voo = + 11AV to + 16.SV, Vss = -sv ±10%, AGND = DGND = OV, VREF= +2V to (Voo - 4V), TA = TMINto TMAXunless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


STATIC PERFORMANCE 


Resolution 
8 
Bits 


Total Unadjusted 
Error 
Voo = 1SV±S% 
MAXSOOA 
±1 
LSB 
VREF= 10V 
MAXSOOB 
±2 


Relative Accuracy 
MAXSOOA 
±'I2 
LSB 
MAXSOOB 
±1 


Differential Nonlinearity 
±1 
LSB 
Guaranteed 
Monotonic 


Full Scale Error 
MAXSOOA 
±'I2 
LSB 
MAXSOOB 
±1 


Full Scale Tempco 
VREF= 10V 
±S 
ppmrc 


TA = 2S·C 
MAXSOOA 
±1S 


Zero Code Error 
MAXSOOB 
±20 
mV 


TA = TMINtO TMAX 
MAXSOOA 
±20 


MAXSOOB 
±30 


Zero Code Tempco 
±30 
lJ.vrC 


REFERENCE 
INPUT 


Reference 
Input Range 
2 
Voo -4 
V 


Reference 
Input Resistance 
Pins 12, 13 
11 
kQ 
Reference 
Input Resistance 
Pin 4 
S.S 


Reference 
Input Capacitance 
(Note 2) Code Dependent 
100 
pF 


Channel-to-Channel 
Isolation 
(Note 3) 
-60 
dB 


AC Feedthrough 
(Note 3) 
-70 
dB 


DIGITAL INPUTS 


Digital Input High Voltage 
V,H 
2A 
V 


Digital Input Low Voltage 
V,L 
0.8 
V 


Digital Output High Voltage 
VOH 
lOUT= -1mA, SRO only 
Voo-1 
V 


Digital Output Low Voltage 
VOL 
lOUT= 1mA, SRO only 
OA 
V 


CMOS Quad, Serial Interface, 
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ELECTRICAL CHARACTERISTICS: 
Dual Supply Specifications (continued) 


(Voo = + 11.4V to + 16.SV. Vss = -sv ±100/0, AGND = DGND = OV, VREF= +2V to (Voo - 4V). TA = TMINto TMAXunless otherwise 
noted.} 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Digital Input Leakage 
Current 
{Note 4} 
Excluding 
LOAD 
±1 
!JA 


LOAD = 
V 
30 


Digital Input Capacitance 
(NoteS) 
8 
pF 


DYNAMIC 
PERFORMANCE 


Voltage Output Slew Rate 
(NoteS) 
3 
V/v.s 


VOUTSettling Time 
To ±'I2 LSB, VREF= 10V, Voo = +lSV, 
4 
v.s 
2kn in parallel with 100pF load 


Digital Feedthrough 
(Note 6) 
SO 
nV-s 


Digital Crosstalk 
(Note 6) 
SO 
nV-s 


Output Load Resistance 
VOUT= 10V 
2 
kO 


POWER SUPPLIES 


Positive Supply Voltage 
Voo 
For specificed 
performance 
11.4 
16.S 
V 


Positive Supply Current 
100 
Outputs unloaded. 
TA = 2S"C 
10 
mA 
TA = TMINto TMAl( 
12 


Negative Supply Current 
Iss 
Outputs unloaded. 
TA = 2S"C 
-9 
mA 
TA = TM1Nto TMAl( 
-10 


SWITCHING 
CHARACTERISTICS 
(Note 5) 


THREE-WIRE 
MODE 


SDA Valid to SCL Setup 
tS1 
lS0 
ns 


SDA Valid to SCL Hold 
tH 
0 
ns 


SCL High Time 
t, 
3S0 
ns 


SCLLowTime 
t2 
3S0 
ns 


LOAD Pulse Width 
tLOw 
lS0 
ns 


LOAD Delay from SCL 
tLOS 
lS0 
ns 


LDAC Pulse Width 
tLOAC 
lS0 
ns 


SRO Output Delay 
t01 
CLOAO= SOpF 
lS0 
ns 


TWO-WIRE 
MODE 


SDA Valid to SCL Hold 
tH 
0 
ns 


SCL High Time 
t, 
3S0 
ns 


SCLLowTime 
t2 
3S0 
ns 


LDAC Pulse Width 
tLOAC 
lS0 
ns 


SCL Valid to SDA Setup 
ts, 
(Start condition) 
lS0 
ns 


SDA Valid to SCL Setup 
tS2 
(Stop condition) 
100 
ns 


SDA Valid to Rising SCL 
t53 
12S 
ns 


SRO Output Delay 
to, 
CLOAO= SOpF 
lS0 
ns 
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o 
ELECTRICAL CHARACTERISTICS: 
Single Supply Specifications 
o 
(Voo = + lSV ±S%, Vss = AGND = DGND = OV, VREF= 10V, TA = TMINto TMAXunless otherwise 
noted.) 
=; 


PARAMETER 
I SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


STATIC PERFORMANCE 


Resolution 
8 
Bits 


Total Unadjusted 
Error 
Voo = lSV±S% 
MAXSOOA 
±1 
LSB 
VREF= 10V 
MAXSOOB 
±2 


Relative Accuracy 
MAXSOOA 
±v" 
LSB 
MAXSOOB 
±1 


Differential Nonlinearity 
±1 
LSB 
Guaranteed 
Monotonic 


Full Scale Error 
MAXSOOA 
±v" 
LSB 
MAXSOOB 
±1 


Full Scale Tempco 
VREF= 10V 
±S 
ppmrC 


TA = 2S·C 
MAXSOOA 
±lS 


Zero Code Error 
MAXSOOB 
±20 
mV 


TA = TMINto TMAX 
MAXSOOA 
±20 


MAXSOOB 
±30 


Zero Code Tempco 
±30 
flVrC 


REFERENCE 
INPUT 
- 
All specifications 
are the same as for dual supplies. 


DIGITAL INPUTS 
- 
All specifications 
are the same as for dual supplies. 


DYNAMIC 
PERFORMANCE 
- 
All specifications 
are the same as for dual supplies. 


POWER SUPPLIES 


Positive Supply Voltage 
Voo 
For specified 
performance 
142S 
lS.7S 
V 


Positive Supply Current 
100 
Outputs 
Unloaded 
TA = 2S·C 
10 
mA 
TA = TMINto TMAX 
12 


SWITCHING 
CHARACTERISTICS 
- 
All specifications 
are the same as for dual supplies. 


Note 1: 
The outputs may be shorted to AGND provided 
that the power dissipation 
of the package 
is not exceeded. 
Typical short circuit current to AGND is 2SmA. 


Note 2: 
Guaranteed 
by design. 
Not production 
tested. 


Note 3: 
VREF= 10 kHz, 10V peak-to-peak 
sine wave. 


Note 4: 
LOAD has a weak internal pull-up resistor to Voo. 


Note 5: 
Sample tested at +2S·C to ensure compliance. 


Note 6: 
DAC switched 
from all1s 
to all Os, and aliOs to all1s 
code. 
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y"" -- 
I" 
-5VI 
v"" 
•.... 


~ =-- 
'-- 


V 


VOUT 
- 


100- 


I" 


-6 
-2.0 


-55 -40 
-20 
0 
20 
40 
60 
60 
100 
125 
-55 -40 -20 
0 
20 
40 
60 
80 
100 
125 


TEMPERATURE 
lOCI 
TEMPERATURE 
lOCI 
________ 
Detailed Description 
VOUTA,VOUTB,VOUTC,and VouTD can be represented 
by 


a digitally programmable 
voltage source as: 


VOUT= Nb X VREF 
256 


,Vss:-5 


.¥"Ro 
2OO11 
,- 
.y•• = 
V 
I 
I 
I 
I 
I 


The MAX500 has four matched voltage output digital-to- 
analog converters 
(DAC). The DACs are "inverted" R-2R 


ladder networks which convert 8 digital bits into equiva- 
lent analog output voltages 
in proportion 
to the applied 
reference 
voltage(s). 
Two DACs in the MAX500 have a 


separate reference input while the other two DACs share 
one reference 
input. A simplified 
circuit diagram 
of one 


of the four DACs is provided 
in Figure 1. 


2R 
DBo1 


vREF 


0.5 


§ 
0.0 


~ -0.5 


where Nb is the numeric value of the DAC's binary input 
code. 
____ 
Output Buffer Amplifiers 


All voltage 
outputs 
are internally 
buffered 
by precision 
unity gain followers 
which 
slew at greater 
than 3V/lJ.s. 


When driving 2kO in parallel with 1OOpFwith a full scale 
transition 
(OV to +10Vor 
+10V to OV), the output settles 


to ±1;2 LSB in less than 41J.s.The buffers will also drive 2kO 
in parallel with 500pF to 10V levels without oscillation. 
Typical 
dynamic 
response 
and settling 
performance 
of 
the MAX500 is shown in Figures 2 and 3. 


A simplified 
circuit diagram of an output buffer is shown 


in Figure 
4. Input 
common 
mode 
range 
to AGND 
is 


provided 
by a PMOS input structure. The output circuitry 


incorporates 
a pull-down 
circuit to actively drive VOUTto 
9 


within 
+ 15mV of the negative 
supply 
(Vss). The buffer 
circuitry allows each DAC output to sink, as well as source 
up to 5mA. This is especially 
important 
in single supply 
applications, 
where Vss is connected 
to AGND, so that 
the zero error is kept at or under 
112 LSB (VREF= + 1OV). 
A plot of the output sink current versus output voltage is 
shown in the Typical Operating 
Characteristics 
section. 


VREF Input 


The voltage at VREFpins (pins 4, 12 and 13) sets the full 
scale output of the DAC. The input impedance 
of the VREF 
inputs 
is code 
dependent. 
The lowest value, approxi- 


mately 
11kn (5.5kO for pin 4), occurs 
when the input 


code is 01010101. The maximum value of infinity occurs 
when the input code 
is 00000000. 
Because 
the input 


resistance 
at VREFis code dependent, 
the DAC's refer- 


ence sources 
should 
have an output 
impedance 
of no 
more than 200 (no more than 100 for pin 4). The input 
capacitance 
at VREFis also code dependent 
and typically 


varies from 15pF to 35pF (30pF to 70pF for pin 4). 
/.,.I/J X1/.,.1-------------- 
9-5 


Digital Inputs 


_______ 
and Interface Logic 


The digital inputs are compatible 
with both TTL and 5V 
CMOS logic, however, the power supply current 
(IDD) is 


somewhat 
dependent 
on the input 
logic 
level. Supply 


current is specified 
for TTL input levels (worst case) but 


is reduced 
(by about 
150!J.A)when the logic inputs are 
driven near DGND or 4 volts above DGND. 
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The MAX500 allows the user to choose between a three- 
wire serial interface and a two-wire serial interface. The 
choice between the two-wire and the three-wire interface 
is set by the LOAD signal. If the LOAD is allowed to float 
(it has a weak internal pull-up resistor to VDD), the two-wire 
interface is selected. 
If the LOAD signal is kept to a TTL 


logical high level, the three-wire 
interface is selected. 


______ 
Three-Wire Interface 


The three-wire 
interface 
uses the classic 
Serial Data 
(SDA), Serial Clock 
(SCL), and LOAD signals 
used in 
standard 
shift registers. 
The data is clocked 
in on the 
falling 
edge 
of SCL until all 10 bits (8 data bits and 2 


NMOS 
ACTIVE 
PULL·OOWN 
CIRCUIT 


NPN 
EMITTER 
FOLLOWER 
PULL-UP 
FROM 
INVERTEO 
OAC 


OUTPUT 
(+) 
~ 


address 
bitsl.ill!Lentered 
into the SHIFT REGISTER. A 


low level on LOAD line initiates the transfer of data from 
the SHIFT REGISTER to the addressed 
INPUT REGIS- 


TER. The data can stay in this register until all four of the 
INPUT REGISTERs are updated. 
Then all of the DAC 


REGISTERs can be simultaneou2!Y.Jmdated 
using the 


LDAC (LOAD DAC) signal. When LDAC is low, the INPUT 
REG ISTER's data is loaded into the DAC REG ISTERs (see 
Figure 5 for timing diagram). 
This mode is cascadable 


by connecting 
Serial Output (SRO) to the second chip's 
SDA pin. The delay of the SRO pin from SCL does not 
cause 
setup!hold 
time violations 
no matter 
how many 


MAX500s are cascaded. 
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_______ 
Two-Wire Interface 


The two-wire 
interface 
uses SDA and SCL only. LOAD 


must be floating or tied to Voo. Each data frame (8 data 
bits and 2 address 
bits) is synchronized 
by a timing 
relationship 
between SDA and SCL (see Figure 6 for the 
timing diagram). 
Both SDA and SCL should normally be 
high when inactive. A falling edge of SDA (while SCL is 
high) followed by a falling edge of SCL (while SDA is low) 
is the start condition. 
This always loads a 0 into the first 
bit of the SHIFT REGISTER. The SHIFT REGISTER is 
extended to 11 bits so this "data" will not affect the INPUT 
REGISTER information. The timing now follows the three- 
wire 
interface 
except 
the SDA line is not allowed 
to 
change when SCL is high (this prevents the MAX500 from 
retriggering 
its start condition). 
After the last data bit is 
entered, the SDA line should go low (while the SCL line 
is low), then the SCL line should rise followed by the SDA 
line rising. This is defined as the stop condition, or end of 
frame. 


Cascading 
the two-wire 
interface 
can be done, but the 
user must be careful of both timing and formatting. 
Tim- 


ing must take into account the intrinsic delay of the SRO 
pin from the internally 
generated 
start/stop 
conditions. 


The tS2value should be increased 
by n times t01, (where 
n = number 
of cascaded 
MAX500s). 
The tLOS value 


should also be increased 
by n times t01. No other timing 
parameters 
need to be modified. A more serious concern 


is one of formatting. 
Generally 
since each frame has a 
start/stop 
condition, 
each chip that has data cascaded 


through it will accept that data as if it were its own data. 
Therefore, 
to circumvent 
this limitation, the user should 
not generate a stop bit until all DACs have been loaded. 
For example, if there are three MAX500s cascaded 
in the 


two-wire mode, the data transfer should begin with a start 
condition, 
then followed 
by 10 data bits, a zero bit, 10 
data 
bits, 
a zero 
bit, 
10 data 
bits, 
and then 
a stop 


condition. This will prevent each MAX500 from decoding 
the middle data for itself. 


The data is entered 
into the SHIFT REGISTER in the 


following order: 


A 1 
AO 
D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


(First) 
(MSB) 
(Last) 


where address bits A 1 and AOselect which DAC register 
receives data from the internal SHIFT REGISTER. Table 1 
lists the channel addresses. 
D7 through DO (D7 is MSB) 


is the data byte. 


Al 
AD 
SELECTED 
INPUT REGISTER 


L 
L 
oACA Input Register 
L 
H 
oACB Input Register 


H 
L 
oACC Input Register 


H 
H 
oAC0 Input Register 


Since LDAC is asynchronous 
with respect to SCL, SDA, 


and LOAD, 
care must be taken to assure that incorrect 


data is not latched through to the DAC REGISTERs. If the 
three-wire serial interface is used, LDAC can be tied low 
permanently 
or LDAC can be tied to LOAD as long as 


tLoS is always maintained. 
However, if the two-wire inter- 


face is used, LDAC should not fall before the stop condi- 
tion is internally detected. 
(This is the reason for the tLOS 


delay of LDAC after the last rising edge of SDA.) 


The SRO output swings from Voo to DGND. Cascading 
to other MAX500s poses no problem. 
If SRO is used to 


drive a TIL 
compatible 
input, then a clamp 
diode 
be- 


tween 
TIL 
+5V and Voo and current 
limiting 
resistor 


should be used. This will prevent potential 
latchup 
pro- 
blems with the 5V supply. 


Iab1a2 
shows the truth table for SDA, SCL, LOAD, and 


LDAC operation. 
Figures 5 and 6 show the timing dia- 
grams for the MAX500. 


Table 2. Logic Input Truth Table 


SCl 
SDA 
lOAD 
lDAC 
FUNCTION 


F 
Data 
Voo 
H 
Latching 
data into 
Shift Register (2W) 


H 
Data 
Voo 
H 
Data should not be 
changing 
(2W) 


L 
X 
Voo 
H 
Data is allowed to 
change 
(2W) 


F 
Data 
M 
H 
Latching 
data into 
Shift Register (3W) 


H 
X 
M 
H 
Data is allowed to 
change 
(3W) 


L 
X 
M 
H 
Data is allowed to 
change 
(3W) 


H 
X 
L 
H 
Loads Input Register 
from Shift Register (3W) 


H 
X 
L 
L 
DAC register reflects 
data held in their 
respective 
Input 
Registers 


Notes: 


H = Logical High 


L = Logical Low 


M = TIL Logical 
High 


X = Don't Care 


2W = 2-Wire 


3W = 3-Wire 


F = Falling Edge 
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_____ 
Applications Information 


Power 
Supply and 
Reference 
Operating 
Range. 


The MAX500 is fully specified 
to operate 
with VOD be- 


tween +12V ± 5% and +15V 
±10% (+11.4V to +16.5V), 


and with Vss from OV to -5.5V. 8-bit performance 
is also 


guaranteed 
for single supply operation 
(Vss = OV), how- 


ever, zero code error is reduced 
when Vss is -5V (see 


Output Buffer Amplifier section). 


For adequate 
DAC and buffer operating 
range, the VREF 


voltage 
must 
always 
be at least 4V below 
VDD. The 


MAX500 is specified 
to operate 
with a reference 
input 


range of +2V to VDD- 4V. 


Ground Management 


Digital or AC transient signals between AGND and DGND 
will create noise at the analog outputs. It is recommended 
that AGND and DGND be tied together at the DAC and 
that this point be tied to the highest quality ground that is 
available. 
If separate 
ground busses are used, then two 


clamp 
diodes 
(1N914 or equivalent) 
should 
be con- 


nected 
between 
AGND 
and 
DGND 
to keep 
the two 
ground 
busses within one diode drop of each other. To 


avoid 
parasitic 
device 
turn-on, 
AGND 
must not be al- 


lowed to be more negative than DGND. DGND should be 
used as supply ground for bypassing 
purposes. 


Careful PCB ground layout techniques 
should be used to 


minimize crosstalk 
between DAC outputs, the reference 


input(s), and the digital inputs. This is particularly 
impor- 


tant if the reference 
is driven from an AC source. Figure 


7 shows suggested 
circuit board layouts for minimizing 


crosstalk. 


Voujlll 
.) n 
(. 
I VOUTC 


vouTAi 
.) 
I 
I 
(. 
I VOUTO 


Vss I 
.) I 
I 
(. 
I voo 


VREFNBI 
.) 
I 
I 
(. 
I VREFC 


AGNOFJ 
I 
(. 
I VREFO 


OGNO 
• 
I 0 
0 
0 
0 
0 


COMPONENT 
SlOE (TOP VIEW) 


In unipolar operation, 
the output voltages 
and the refer- 


ence input(s) are the same polarity. Unipolar circuit con- 
figuration is shown in Figure 8 for the MAX500. The device 
can be operated 
from a single supply 
with a slight in- 


crease in zero error (see Output Buffer Amplifier section). 
To avoid parasitic device turn-on, the voltage at VREFmust 
always be positive with respect 
to AGND. The unipolar 


code table is given in Table 3. 


VOUTA 


DIGITAL 
VouTB 
INPUTS 
NOT 
SHOWN 


VOUTC 


VOUTO 
.-AXLNI 
MAX500 


DAC 
CONTENTS 
ANALOG 
OUTPUT 
MSB 
LSB 


1 
1 
1 
1 
1 
1 
1 
1 
(255) 
+VREF 
256 


1 
a a a 
a a a 
1 
(129) 
+VREF 256 


1 
a a a 
a a a a 
(128) 
VREF 
+VREF 256 
= +-2- 


a 
1 
1 
1 
1 
1 
1 
1 
( 127) 
+VREF 256 


a 
a a a 
a 
0 
0 
1 
+VREF(2~6) 


0 
0 
0 
0 
0 
0 
0 
0 
OV 


Note: 
1 LSB = (VREF)(2"8) = +VREF(2~6) 
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Bipolar Output 


Each DAC output may be configured 
for bipolar opera- 
tion using the circuit 
in Figure 9. One op-amp 
and two 


resistors are required per channel. With R1 = R2: 


Your = VREF(2DA - 1) 


where DA is a fractional representation 
of the digital word 
in Register A. 


Table 4 shows the digital code versus output voltage for 
the circuit in Figure 9. 


DAC CONTENTS 
ANALOG 
OUTPUT 


MSB 
LSB 


1 
1 
1 
1 
1 
1 
1 
1 
(127) 
+VREF 
128 


1 
0 
0 
0 
0 
0 
0 
1 
+VREF (1~8) 


1 
0 
0 
0 
0 
0 
0 
0 
OV 


0 
1 
1 
1 
1 
1 
1 
1 
-VREF (1~8) 


0 
0 
0 
0 
0 
0 
0 
1 
(127) 
-VREF 
128 


0 
0 
0 
0 
0 
0 
0 
0 
(128) 
-VREF 
128 
= -VREF 


Note: 
1 LSB = (VREF) (2-8) = +VREF C~6) 


VREF=s5R1 
R2 


+15V 
L 
MC 
- 
OUTPUT 
+ 
____o 
VOUT 


~: 
-15V 
Rl =R2= 10kn±O.1'11. 


NOTE: VREFIS THE REFERENCEINPUT FORTHE MAXSOO. 


Offsetting 
AGND 


AGND can be biased above DGND to provide 
an arbi- 
trary nonzero output voltage for a 'zero" input code. This 
is shown in Figure 10. The output voltage at VourA is: 


VourA = VSIAS+ DAVIN 


where DA is a fractional representation 
of the digital input 


word. 
Since 
AGND 
is common 
to all four 
DACs, 
all 
outputs will be offset by VSIASin the same manner. Since 
AGND current is a function of the 4 DAC codes, it should 
be driven 
by a low impedance 
source. 
VSIASmust be 


positive. 


Using an AC Reference 


In applications 
where VREFhas AC signal components, 


the MAX500 has multiplying 
capability 
within the limits of 


the VREFinput range specifications. 
Figure 11 shows a 
technique 
for applying 
a sine wave signal to the refer- 


ence input where the AC signal is biased up before being 
applied 
to VREF.Output 
distortion 
is typically 
less than 
0.1 % with input frequencies 
up to 50kHz, and the typical 
-3dB frequency 
is 700kHz. Note that VREFmust never be 


more negative than AGND. 
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Generating 
Vss 


The performance 
of the MAX500 is specified for both dual 
and single supply 
(Vss = OV) operation. 
When the im- 


proved performance 
of dual supply operation is desired, 
but only a single supply is available, a -5V Vss supply can 
be generated 
using an ICL7660 in one of the circuits of 
Figure 12. 


Digital Interlace 
Applications 


Figures 13 through 
16 show examples of interfacing 
the 
MAX500 to most popular microprocessors. 


+5V 
LOGIC 
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-5V 


Vss OUT 
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Voltage Output, 12·8it Multiplying DAC 


_______ 
General Description 


The MAX501/MAX502 
are 12-bit, 4-quadrant, 
votlage- 


output, multiplying 
digital-to-analog 
converters 
(DACs) 


with 
an output 
amplifier. 
Thin-film 
resistors, 
laser- 


trimmed 
at the wafer level, maintain 
accuracy 
over the 


full operating 
temperature 
range. 


The MAX501/MAX502 
has buffered latches that are eas- 


ily interfaced 
with microprocessors. 
Data is transferred 


into the input register from a right-justified 
8+4-bit format 
(MAX501) or a 12-bit wide data path (MAX502). 
For the 
MAX501, an LDAC signal transfers 
data from the input 
register to the DAC register. 
For the MAX502, the i~ut 
registers are controlled 
by standard CHIP SELECT (C~ 
WRITE (WR) signals. 
For stand-alone 
operation, the CS 
and WR inputs are grounded 
making all latches transpar- 


ent. 
All logic inputs are level-triggered 
and compatible 


with TIL and +5V CMOS logic levels. 


The internally compensated, 
low input offset-voltage 
out- 
put amplifier 
provides 
an output voltage 
from + 1OV to 


-10V while sourcing 
and sinking up to 5mA. 


Attenuators 


Programmable-Gain 
Amplifiers 


Servo Controls 


Digital-to-4-20mA 
Converters 


Automatic Test Equipment 


AooIAXIAooI 


RA 
RB 
RC 
RfB 
MAX502 


• 
12·Bit Voltage Output DAC 


• 
Monotonic Over Temperature 


• 
Four Range-Scaling 
Resistors 


• 
Available 
in Commercial, 
Extended & Military 


Temperature 
Ranges 


• 
24-Pin DIP & Wide SO Packages 


Voo 


VSS 


AGNO 


VREF 


CSMSB 


WR 


CSLSB 


001D8 


RFB 


RC 


RB 


RA 
8 (/1/ C; 


Voo 
:i1-.oc; 


Vss 


AGNO 


VREF 
cs 


WR 


DO 


01 
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CMOS Quad B-Bit D/A Converters 


_______ 
General Description 


Maxim's 
MAX505/MAX506 
each contain four 8-bit volt- 


age output 
digital-to-analog 
converters 
(DACs). 
They 


include output buffer amplifiers and input logic for simple 
microprocessor 
and TTL/CMOS interfaces. 
8-bit perfor- 


mance 
is achieved 
over the full operating 
temperature 
range without external trimming. 


The 
MAX505 
contains 
double-buffered 
logic 
inputs 
which allow all analog outputs to be simultaneously 
up- 


dated 
using one control 
signal. 
There are also four 


separate reference inputs so that the range of each DAC 
can be independently 
set. 


The MAX506 has separate input registers for each of its 
four DACs. Data is transferred 
into an input register from 
a common 
8-bit TTL/CMOS compatible 
input port. 
Ad- 
dress J.r:1£utsAO and A 1 determine which DAC is loaded 
when WR goes low. All DACs share a common reference 
input. 
__________ 
Applications 


Minimum Component 
Count Analog Systems 


Digital Offset/Gain Adjustment 


Industrial Process Control 


Arbitrary Function Generators 


Automatic Test Equipment 


Microprocessor 
Controlled Calibration 


• 
Buffered 
Voltage 
Output 


• 
Double-Buffered 
Inputs (MAX505) 


• 
Microprocessor 
and TILICMOS 
Compatible 


• 
Operates 
from Single 
or Dual Supplies 


• 
Requires 
No External 
Adjustments 


• 
Outputs 
Swing 
Rail to Rail 


• 
Available 
in Commercial, 
Extended 
& Military 


Temperature 
Ranges 


• 
Available 
in Plastic 
DIP, Small Outline, 


and CERDIP 
Packages 


VOUTG 


VOUTD 
VOUTG 


Voo 
VOUTD 
a 


VREFG 
Voo 


VREFD 
AD 


AD 


WR 


WR 
DBD{LSB) 


DBDILSB) 
DBl 


DBl 
DB2 


DB2 
DB3 


DB3 
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Voltage Output, 12·8it DAC 
With Internal Reference 


_______ 
General Description 


The MAX507/MAX508 are complete, 12-bit voltage output 
digital-to-analog converters (DACs). The DAC output voltage 
and the reference have the same polarity, allowing single- 
supply operation. The DAC reference voltage is provided by 
an internal buried-zener reference. Integrating a DAC, volt- 
age-output amplifier, and reference on one monolithic device 
greatly enhances reliability over multi-chip circuits. 


Doubled-buffered 
logic inputs interface easily to micro- 
processors 
(~P). 
Data is transferred 
into the INPUT 
register from either a 12-bit-wide 
data bus (MAX507) for 
16-bit ~Ps, or a right-justified 
(8+4) -bit format (MAX508) 
for 8- or 16-bit ~Ps 
All logic signals are level triggered 
and are TTL and CMOS compatible. 
Interface 
timing 
specifications 
insure compatibiltiy 
with all common ~Ps. 


The DACs are specified 
and tested for both dual- and 
single-supply 
operation. 
Usable 
supplies 
range 
from 
single + 12V to dual ±15V. 


On-board 
gain-setting 
resistors allow three output-volt- 
age ranges: OVto +5V and OVto + 1OVcan be generated 
when using either single 
or dual supplies. 
With dual 
supplies, 
an additional 
output range of ±5V is available. 
The output amplifier can drive a 2kQ load to + 1OV. 
__________ 
Applications 


Digital Offset and Gain Adjustment 


Industrial Control 


Arbitrary Function Generators 


Automatic Test Equipment 


Automated 
Calibration 


Machine and Motion Control' 


_______ 
Functional Diagram 


cs 18 


WR 19 


LOAC 
20 


• 
12-Bit Voltage Output 


• 
Low Noise Voltage Reference 


• 
Fast ~P Interface 


• 
12 (MAX507) and 8+4 (MAX508) Data Bus Width 


• 
Single +12V to Dual ±15V Supply Operation 


• 
20- and 24-Pin DIP and Wide SO Packages 
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Quad-CMOS 12-8it Serial Input 


Multiplying D/A Converter 


_______ 
General Description 


The MAX514 is a quad 12-bit current-output 
multiplying 
digital-to-analog 
converter 
(DAC) that is packaged 
in a 
space-saving 
28-pin DIP or 28-pin surface mount SO. Its 
3-wire 
serial 
interface 
saves 
additional 
circuit 
board 
space and also results in low power dissipation. 
When 


used with microprocessors 
(IlP) with a serial port, the 
MAX514 minimizes the digital noise feedthrough 
from its 
input pins to its output. 
The serial ports can be used as 
a dedicated 
analog 
bus and 
kept 
inactive 
while 
the 
MAX514 is in use. 
Serial interfacing 
also reduces 
the 
complexity 
of opto- or transformer-isolated 
applications. 


The MAX514 contains four 12-bit R-2R type DACs, each 
with a serial-in parallel-out 
shift register, a DAC register 
and control logic. 
On the rising edge of the clock (ClK) 
pulse, the serial input (SRI) data is shifted into the respec- 
tive DAC. When all the data is clocked in, it is transferred 
into the DAC register 
by taking the appropriate 
lOAD 


input low. 


The MAX514 is specified 
both with asingle 
+5Vand + 15V 
power supply. 
With a +5V supply, the digital inputs are 
TIl 
and +5V 
CMOS compatible. 
High voltage CMOS 
compatibility 
is maintained 
with a + 15V supply. 


Maxim's 
MAX514 
uses 
low tempco 
thin-film 
resistors 
laser trimmed to±1/4 lSB linearity and better than ±1 lSB 
gain accuracy. 
The digital inputs are protected 
against 


electrostatic 
discharge 
(ESD) damage and can typically 
withstand 
over 5,OOOVof ESD voltages. 
__________ 
Applications 


Automatic Calibration 


Motion Control Systems 


IlP Controlled 
Systems 


Programmable 
Amplifiers/Attenuators 


Digitally Controlled 
Filters 


Features 


• 
Quad 12·Bit Accuracy in 28-Pin DIP or SO 


• 
Fast 3-Wire Serial Interface 


• 
Low INL and DNL (±1/2 LSB Max) 


• 
Gain Accuracy to ±1 LSB Max 


• 
Low Gain Tempco (Sppml"C Max) 


• 
Operates with +SV or +1SV Supplies 


• 
ESD Protected 


_______ 
General Description 


The MAX516 combines 
four low-power, 
programmable- 
threshold 
comparators 
on a single CMOS IC. Separate 
a-bit digital-to-analog 
converters 
(DACs) drive the com- 


parator 
inverting 
(-) 
inputs 
so that 
individual 
trip 


thresholds 
can be digitally set. All noninverting 
(+) com- 


parator 
inputs are brought 
out as analog inputs (AINO- 
AIN3). 
Each comparator 
output swings 
high when its 
analog input exceeds 
its digitally set threshold. 
All four 
DACs 
share 
a common 
reference 
input 
to optimize 
matching 
and eliminate external trims. 


Digital 
inputs and comparator 
outputs 
are compatible 
with TTL and CMOS logic. A separate logic supply (VCC) 
allows comparator 
output levels to be set independently 
of VDD. The MAX516 operates conveniently from a single 
supply with VDD tied to VCC. Commercial, 
extended, 
and 
military temperature 
ranges are provided 
in 24-pin nar- 


row DIP and wide SO packages. 


Window Comparators 


Power-Supply 
Monitors 


Alarm Limit Detectors 


Battery Chargers 


Automated 
Test Equipment 


Process Control 


3 
Vcc 


2 CO 


07-00 


11-18 
1 C1 


10 


24C2 


Al 9 
Wil8 
23 
cs7 
C3 


/&lI/J 
X 1/&11 


/ •••• 
, /J X '/ ••••, 
is a registered trademarkof MaximIntegratedProducts. 
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Quad Comparator with 


Programmable Threshold 


• 
4 Comparators 
and 4 DACs 


• 
Digitally Set Threshold 


• 
Monotonic Over Temperature 


• 
Parallel Microprocessor 
Interface 


• 
+5V to +15V Supply Operation 


PART 
TEMP. RANGE 
PIN·PACKAGE 
ERROR 
(LSBs) 


MAX516ACNG 
O'Cto +70'C 
24 NarrowPlasticDIP 
±1 


MAX516BCNG 
O'C to +70'C 
24 NarrowPlasticDIP 
±2 


MAX516ACWG 
O'C to +70'C 
24 Wide SO 
±1 


MAX516BCWG 
O'C to +70'C 
24 Wide SO 
±2 


MAX516BC/D 
O'Cto +70'C 
Dice' 
±2 


MAX516AENG -40'C to +85'C 
24 NarrowPlasticDIP 
±1 


MAX516BENG -40'C to +85'C 
24 NarrowPlasticDIP 
±2 


MAX516AEWG-40'C to +85'C 
24 Wide SO 
±1 


MAX516BEWG-40'C to +85'C 
24 Wide SO 
±2 


MAX516AMRG-55'C to +125'C 24 NarrowCERDIP" 
±1 


MAX516BMRG-55'C to +125'C 24 NarrowCERDIP" 
±2 


• Contact factory for dice specifications. 


•• Contact factory for availability 
and processing 
to MIL -STO-883. 


Quad Comparator with 
Programmable Threshold 


ABSOLUTE MAXIMUM RATINGS 
VootoGND 
Vcc toGND 
Vooto 
Vcc 
Digital Input Voltage to GND 
REF to GND 
Comparator 
Input to GND 


CQ-C3 to GND (Note 1) 
Continuous 
Power Dissipation 
(TA = +70'C) 
Narrow Plastic DIP (derate 8.7mWrC above +70'C) 
480mW 
Wide SO (derate 11.8mWrC above +70'C) 
650mW 
Narrow CERDIP (derate 12.5mWrC above +70'C) 
690mW 


Note 1: 
The outputs may be shorted to GND or Voo, provided 
the package's 
power dissipation 
is not exceeded. 


Operating 
Temperature 
Ranges: 
MAX516_C_ 
MAX516_L 
MAX516_ 
MRG 
Storage Temperature 
Range 


Lead Temperature 
(soldering, 
10 see) 


-0.3V, + 17V 
-0.3V, VOO + 0.3V 
-0.3V, +17V 
-0.3V, Voo + 0.3V 
-0.3V, Voo + 0.3V 
-0.3V, Voo + 0.3V 
GND, VCC + 0.3V 


O'C to +70'C 
-40'C to +85'C 
-55'C to +125'C 
-65'C to +165'C 
+300'C 


Stresses 
beyond 
those listed under 
-Absolute 
Maximum 
Ratings· 
may cause 
permanent 
damage 
to the device. 
These are stress ratings 
only. and functional 


operation 
of the device 
at these or any other conditions 
beyond 
those indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating conditions 
for extended 
periods 
may affect device 
reliability. 


ELECTRICAL CHARACTERISTICS 


(Voo = Vcc = +4.75V, REF = + 1.25V or Voo = VCC = + 16.5V, REF = + 10V; GND = OV; TA = TMIN to TMAX, unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
I UNITS 


STATIC PERFORMANCE 


Resolution 
N 
8 
Bits 


MAX516A 
±1 


Total Unadjusted 
Error 
TUE 
LSB 
MAX516B 
±2 


MAX516A 
±O.5 
Relative Accuracy 
INL 
LSB 
MAX516B 
±1 


Differential Nonlinearity 
DNL 
Guaranteed 
monotonic 
±1 
LSB 


MAX516A 
±O5 


Full-Scale Error 
LSB 
MAX516B 
±1 


Full-Scale Temperature 
Voo = 15V, REF = 10V 
±5 
ppmrC 
Coefficient 


TA = +25'C 
±5 
MAX516A 


TA = TMIN to TMAX 
±10 
Zero-Code 
Error 
mV 


TA = +25'C 
±10 


MAX516B 
TA = TMIN to TMAX 
±15 


Zero-Code 
Temperature 
±30 
llVrC 
Coefficient 


REFERENCE 
INPUT (4.75V';; Voo,;; 16.5V) 


Reference 
Input Range 
REF 
1.25 
Voo -350 
V 


Reference 
Input Resistance 
RREF 
Worst-case 
code 
3.0 
45 
kQ 


Reference 
Input Capacitance 
CREF 
Worst-case 
code (Note 2) 
100 
250 
pF 


COMPARATOR 
INPUT 
(4.75V';; Voo';; 
16.5V) 


Comparator 
Input Range 
VAIN 
0 
Voo 
V 


Comparator 
Input Bias Current 


TA = +25'C 
50 
300 


IB 
nA 


TA = TMIN to TMAX 
100 
400 


Quad Comparator with 
Programmable Threshold 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


DIGITAL INPUTS 
00-07, 
WR, CS, (4.75V" 
VOO" 
16.5V) 


Input High Voltage 
VINH 
2.4 
V 


Input Low Voltage 
VINL 
0.8 
V 


Input Leakage 
Current 
IiN 
VIN ; OV or Voo 
±1 
IlA 


Input Capacitance 
CIN 
(Note 2) 
10 
pF 


DIGITAL OUTPUTS 
CO--C3 (VCC ; 5V) 


Output High Voltage 
VOH 
IISOURCE ; 200~A 
VCC-1 
I 
V 


Output Low Voltage 
VOL 
ISINK; 
1.6mA 
0.4 
I 
V 


DYNAMIC 
PERFORMANCE 
(1.25V" 
REF" 
Voo -3.5V, OV" AIN < Voo -2V) 


Digital Input to Comparator Out Delay 
toco 
(Note 3) 
0.8 
20 
I 
~s 


Analog Input to Comparator Out Delay 
tACO 
I (Note 4) 
0.8 
1.5 
I 
~s 


TIMING CHARACTERISTICS 


CS to WR Setup Time 
tcs 
0 
ns 


CS to WR Hold Time 
tCH 
0 
ns 


Address 
to WR Setup Time 
tAS 
50 
30 
ns 


Address 
to WR Hold Time 
tAH 
5 
0 
ns 


Data Valid to WR Setup Time 
tos 
50 
30 
ns 


Data Valid after WR Hold Time 
tOH 
5 
0 
ns 


WRITE Pulse Width 
twR 
120 
50 
ns 


POWER SUPPLIES 


Voo Range 
Voo 
4.75 
16.5 
V 


VCC Range 
VCC 
475 
Voo+0.30 
V 


Positive Supply Current 
100 
Logic inputs < VIL or > VIH 
10 
mA 


Logic Supply 
Icc 
10 
IlA 


Note 2: 
Guaranteed 
by design. 
Not production 
tested. 


Note 3: 
Voo; 
5.00V, differential 
comparator 
input voltage changes 
by 1.25V with 5mV overdrive. 
VIN must be 3.5V less than Voo, 


or longer propagation 
delays will result. 


Note 4: 
Not tested, but guaranteed 
by correlation 
to toco. 


I 
Voo=+15V 


Voo = +5V 


Voo=+12V 


~ 
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I 


2 
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REF (V) 
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14 


REF (V) 


SUPPLY CURRENTvs. 
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20 


::< 
1.6 
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Quad Comparator with 
Programmable 
Threshold 


(D 
Pin Description 
,.. 


~; 


PIN 
NAME 
FUNCTION 


1,2 
C1,CO 
ComparatorOutputs 


3 
VCC 
ComparatorOutputSupply 


4,5 
AIN1, AINO 
ComparatorAnalog Inputs 


6 
GNO 
Ground 


7 
CS 
CHIPSELECT 


8 
WR 
WRITE 


9, 10 
A1 ,AO 
OACAddress Inputs 


11-18 
07-00 
OACOataInputs,8 bits 


19 
REF 
ReferenceInput 


20,21 
AIN3, AIN2 
ComparatorAnalog Inputs 


22 
VDD 
PositiveSupplyVoltage 


23,24 
C3,C2 
ComparatorOutputs 


____ 
Detailed Description 


The MAX516 contains four analog comparators 
and four 
matched 
8-bit digital-to-analog 
converters 
(OACs). 
The 
voltage output of each OAC is expressed 
in the equation: 


VOAC = REF x N/256, 


where N is the numerical equivalent of the 8-bit OAC input 
code (00-07). 
N ranges from 0 to 255 and may be set 
to a different 
level for each OAC (Table 
1). 
The OAC 
output, VOAC, does not appear 
on an output pin of the 
MAX516 
but is instead 
compared 
to an analog 
input 
signal by one of four internal comparators 
(see Functional 
Diagram). 
A comparator 
output is high when AIN is more 
positive than the comparator's 
digitally set threshold. 


Table 1. Comparator 
Threshold 
YS. DAC Input Code 


DACCODE 
COMPARATOR 
THRESHOLD 
MSB 
LSB 


(255) 
1111 
1111 
+REF 256 


1000 
0001 
+REF(129) 
256 


1000 
0000 
+REFC28)=+ 
REF 
256 
2 


C27) 
0111 
1111 
+REF 256 


0000 
0001 
+REF(2~6) 


0000 
0000 
OV 


Reference Input 


Comparator trip thresholds vary digitally between OVand 
1LSB below REF. 
All OACs share the same reference 


input. 


The input impedance 
of REF is code dependent. 
The 


lowest 
impedance, 
typically 
2kn, 
occurs 
when 
0101 


0101 (HEX 55) is loaded 
into 00-07 
on all four OACs. 


When 0000 0000 is loaded into all OACs, REF appears 
as an open circuit. 
Because the input resistance at REF 
is code dependent, 
the reference source should have an 


output 
impedance 
of no more 
than 
4n 
to maintain 


linearity. 
Input capacitance 
at REF is also code depend- 


ent and typically varies between 100pF and 250pF. 


Comparator 
Inputs 


The "+" input of each comparator 
is brought out to AINO- 


AIN3. 
Comparator 
input bias current is typically 
100nA. 


Analog source 
resistances 
below 1.25kn 
generate less 


than 250IlV of bias-current induced comparator offset error. 


Digital 
Interlace 


The digital inputs (00-07, 
CS, WR) are both TIL and 5V 


CMOS 
logic 
compatible; 
however, 
the power-supply 


current, 100, depends 
on input logic levels. 
Supply cur- 


rents will be highest with TIL levels (tested limits are with 
worst-case logic levels). Supply current is reduced when 
digital inputs are driven near GNO and above 4V. 


Address lines AO and A1 select which OAC receives data 
from the input port. 
Because CS and WR are internally 


ORed, the write cycle begins only after both go low, but 
data is latched 
and transferred 
to a OAC when either 


input returns high. Figure 1 shows the input control logic, 
Table 2 lists OAC addresses, 
and Table 3 is the truth table 


for WR and CS. Figure 2 shows write-cyle timing. 


NOTE: 
1LSB = (REF)(2-8) = +REF(2~6) 


t-24 
_ 


DATA IN 


07-00 


Figure 2 
Write-Cycle 
Timing 


Table 2. DAC Addressing 


Al 
AO 
SELECTED 
DAC 


0 
0 
OACOInput Register 


0 
1 
OAC1Input Register 


1 
0 
OAC2Input Register 


1 
1 
OAC3Input Register 


CS 
WR 
FUNCTION 


1 
X 
No operation. The MAX516is deselected. 
Existingregistercontentsremainunchanged. 


0 
0 
OACcontentsfor selected address are loaded, 
but do not update the OACuntilWRgoes high. 


0 
i 
Latch 00-07 intoinput registerof the selected 
OACon rising edge. 


____ 
Applications Information 


Power-Supply and Reference 
Operating Ranges 


The MAX516 is fully specified 
to operate with VOO be- 


tween +4.75V and + 16.5V and is specified 
to operate 
with a reference 
input range of + 1.25V to VOO-3.5V. 


The comparator 
output supply, VCC, has a range of +4.5V 
to (VOO + O.3V). This allows the comparators' 
logic-high 


output levels to be set independently 
from VOO. In most 


applications. 
simply 
connect 
VCC and 
VOO together. 


Quad Comparator with 
Programmable 
Threshold 


NOTES: 
1. 
ALL INPUT SIGNAL 
RISE AND FALL TIMES 
MEASURED 
FROM 
10% TO 90% OF +SV Ir = II = 20ns OVER Voo RANGE. 


2 
TIMING 
MEASUREMENT 
REFERENCE 
LEVEL IS 


VINH + VINL 
--2- 


Comparator 
outputs typically 
swing within 200mV of the 
supply rails when loaded with CMOS logic inputs. 
Hysteresis 


When analog 
input signals are slow moving or contain 
noise, 
comparator 
outputs 
may 
"chatter" 
near 
the 
threshold 
point. 
Be sure that 
proper 
power-supply 
bypass capacitors 
are in place (see Grounds 
and Bypass- 
ing section). because supply current rises when an out- 
put switches. 


Hysteresis 
may be added 
to any or all comparators 
to 


further resist oscillation during output transitions. 
This is 
accomplished 
with two resistors. as shown in Figure 3. 


When hysteresis 
is added. 
the threshold 
point will shift 
slightly as a result of the voltage 
divider formed 
by R1 
and R2. The amount of shift is described 
below: 


VTH= VT (~~ + 1) 


VTL= VT (~~ + 1) - Vcc (~~ ) 


VHYST= VTH- VTL 


VHYST= Vcc (~~ ) 


VT is the threshold 
voltage set by the internal DAC with 
no hysteresis 
connected. 
VTH is the shifted high-going 


threshold 
with hysteresis 
added. 
VTL is the 
shifted 
low-going 
threshold 
with hysteresis. 
VHYST is the total 
hysteresis 
and equals 
VTH - VTL. 
Note that VTL and 
VHYSTchange with VCC. With VCC = 5V. R1 = 1kn. and 
R2 = 200kn. 
VHYST= 25mV. 
Even though R1 is relatively 


small. the impedance 
seen by the signal source is large: 


R1 + R2. However. if R1 is large. input bias current (400nA 


Quad Comparator with 
Programmable Threshold 


WINDOW 
OUT = 1 WHEN 


ANALOG 
IN IS BETWEEN 
DACO AND 
DAC1 


THRESHOLD 
SETIINGS 


AIN1 
AIN2 
AIN3 


AINO 


GND 
REF 


CS 
WR 
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Rl 
VHYST = vcc (fi2) (SEE TEXT) 


VHYST = 25mV 
FOR VALUES 
SHOWN 


Figure 3. Adding 
Hysteresis 
to Any Comparator 


max over temp.) may add offset error. 
1kQ x 400nA = 
OAmV offset error is due to bias current. 


Grounds and Bypassing 


Careful PC-board layout significantly 
minimizes crosstalk 
among 
the reference 
input. 
comparator 
outputs. 
and 
digital 
inputs. 
Keep digital and analog 
lines separate. 
and use ground traces as shields between them where 
possible. 
Separate AINO-AIN3 and REF from each other 
by running a ground trace between these pins. 


Bypass both Voo and VCC to GND with a combination 
of 
a 0.1 flF low ESR and a 4.7flF capacitor 
close to the 


device. 
If Voo and VCC are connected 
together. only one 
set of bypass capacitors 
is needed. 
If REF is not an AC 
input. 
it should 
be bypassed 
as well. 
Keep bypass- 


capacitor 
leads short for best supply noise rejection. 


Applications 


Threshold 
detection 
is often useful 
in automated 
test 
applications. 
Four individual 
thresholds 
can be inde- 
pendently 
altered under software control. 


Figure 4 shows the connection 
for a hardware 
window 
comparison. 
DACO provides the upper trip point. DAC1 
the lower trip 
point. 
The difference 
between 
the trip 
points is the window size. The AINO and AIN1 inputs are 
tied together. 
One logic output is inverted and then ORed 
with the non inverted 
comparator 
output. 
The window 
output goes high when the analog input sits between the 
thresholds 
set by DACO and DAC1. The external logic in 
Figure 4 can also be simulated in software. or use a single 
comparator 
to perform a window comparison 
by loading 
two threshold 
limits in succession 
and noting the com- 
parator results of each (Figure 5). 
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First Page of Data Sheet in Preparation 


.J'1I1.J'JX 1.J'1I1 
CMOS Quad 12·8;t Voltage Output 


DIA Converter 


_______ 
General Description 


The MAX526 contains four 12-bit, voltage-output 
digital- 
to-analog 
converters 
(DACs). 
Precision 
output 
buffer 
amplifiers 
are included 
on-chip 
to provide 
voltage out- 


puts while reducing 
external component 
count. 
12-bit 
performance 
is achieved 
over the full operating 
temper- 
ature range without external trimming. 


This device features double buffered interface logic with 
a 12-bit input register and a 12-bit DAC register. 
Data in 
the DAC register 
sets the DAC output 
voltage. 
The 
MAX526 has an 8-bit wide data bus. 
Data is loaded into 
the input register using 2 write operations; 
an 8-bit LSB 
load and a 4-bit MSB load. An asynchronous 
LDAC input 
transfers data from the input register to the DAC register. 
All logic inputs are TIL and CMOS compatible. 


The MAX526 is available in a 24 pin, 300 mil wide plastic 
DIP or CERDIP and a 24 pin, 300 mil wide SOIC packageS<' 


__________ 
Applications 


Minimum Component 
Count Analog Systems 


Digital Offset/Gain Adjustment 


Arbitrary Function Generators 


Industrial Process Control 


Automatic Test Equipment 


• 
Buffered Voltage Output 


• 
Double Buffered Digital Inputs 


• 
Microprocessor 
and TTUCMOS 
Compatible 


• 
Requires No External Adjustments 


PART 
TEMP. RANGE 
PIN-PACKAGE 
ERROR 
(LSBs) 


MAX526CPG 
O·C10 +70·C 
24 Plastic DIP 
±1 


MAX526CWG 
O·C to+70·C 
24 Wide SO 
±1 


MAX526C/D 
O·C to+70·C 
Dice" 
±1 


MAX526EPG 
-40·C to +85·C 
24 Plastic DIP 
+1 


MAX526ERG 
-40·C 10 +85·C 
24 Narrow CERDIP 
±1 


MAX526EWG 
-40·C to +85·C 
24 Wide SO 
±1 


MAX526MRG 
-55·C to + 125·C 
24 Narrow CERDlpt 
±1 


" Contact factory for dice specifications. 
t /883 


VOUT 0 


Voo 


CSMSB 


21 
CSLSB 


WR 


VREF CO 


AD 


A1 


08100 


09/01 


14 
010/02 


011103 
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_______ 
General 
Description 


The MAXS28 is an octal, 8-bit, voltage-output 
digital-to- 
analog converter (DAC) with serial interface and two sets 
of reference inputs. 
It operates from single +SV to + 1SV 
supplies or split supplies including +SV/-SV,and +SV/-1SV. 


Three output modes are serially programmable 
for each 
of eight analog outputs. 
The unbuffered 
mode connects 
the internal R-2R DAC network directly to the output pin, 
reducing 
power 
consumption 
and avoiding 
buffer 
DC 
errors. 
The full-buffer mode inserts a buffer between the 
R-2R network 
and the output, 
allowing 
+SmA to -2mA 
output currents to be generated. 
The half-buffer 
mode 


inserts a buffer allowing +SmA output drive and OmA sink 
current. 
This mode uses less power and provides output 
swings to ground with single supply operations. 


Serial data can be "daisy-chained" from one chip to another. 
On power-up, 
all data bits are set to zero and analog 


outputs are put in the unbuffered mode. The MAXS28 has 
a shutdown 
pin to reduce current consumption 
to under 
SOIlA, while retaining all internal register data. 


__________ 
Applications 


Digital Gain and Offset Adjustment 


Microprocessor-Controlled 
Set Points 


Digital Calibration 


Trimming 


~1I1~JXI~1I1 


OctalJ B-SitJ Serial DAC 


.8 
Outputs 


• 
2 Reference Inputs 


• 
Serial Interface liP and OIP 


• 
Shutdown with Memory 


• 
DAC or Buffered DAC Outputs 


• 
Single or Dual Supplies 


• 
CMOS and tTL Compatible 
Inputs 


• 
±1/2LSB Fun-Scale Error 


• 
20-Pin or 24-Pin SO Package 


7 
If 0 


______ 
Ordering 
Information 


PART 
( 
TEMP. RANGE 
PIN-PACKAGE 


MAXS28CPP' 
O"C to +70"C 
20 Plastic DIP 


MAXS28CWG 
O'C to +70'C 
2480 


MAXS28C/D 
O'Cto 
+70'C 
Dice" 


MAXS28EJP 
-40'C to +8S'C 
20CERDIP 


MAXS28EWG 
-40'C to +8S'C 
2480 


MAXS28MJP 
-SS'C to + 12S'C 
20CERDIP 


• Contact factory for dice specifications. 
_______ 
Functional 
Diagram 


VOUTS 


VREFL2 
VREFH2 


_______ 
General Description 


The MAX543 is a 12-bit current-output 
multiplying 
digital-to-analog 
converter (DAC) that is packaged in 
a space-saving 
a-pin 
DIP or 16-pin surface 
mount 
SO. Its 3-wire serial interface saves additional 
circuit 
board space and also results in low power dissipation. 
When used with microprocessors 
(PP) with a serial 
port, the MAX543 minimizes 
the digital 
noise feed- 


through 
from its input pins to its output. The serial 
port can be used as a dedicated analog bus and kept 
inactive while the MAX543 is in use. Serial interfacing 
also reduces the complexity 
of opto- or transformer- 
isolated applications. 


The 
MAX543 contains 
a 12-bit R-2R type 
DAC, a 
serial-in parallel-out 
shift register, a DAC register and 
control 
logic. On the rising edge of the clock (CLK) 
pulse the serial input (SRI) data is shifted 
into the 
MAX543. When all the data is clocked 
in.j1J§.Jrans- 
ferred into the DAC register by taking the LOAD input 
low. 


The MAX543 is specified both with a single +5V and 
+15V power 
supply. With 
a +5V supply, the digital 


inputs 
are TTL 
and +5V CMOS 
compatible. 
High 
voltage 
CMOS 
compatibility 
is maintained 
with 
a 
+15V supply. 


Maxim's MAX543 uses low tempco thin-film 
resistors 
laser trimmed 
to ±1/4 
LSB linearity 
and better than 


±1 LSB gain accuracy. The digital inputs are protected 
against 
electrostatic 
discharge 
(ESD) damage 
and 
can typically 
withstand 
over 5,OOOVof ESD voltages. 
__________ 
Applications 


Automatic 
Calibration 


Motion Control 
Systems 


pP Controlled 
Systems 


Programmable 
Amplifiers/Attenuators 


Digitally 
Controlled 
Filters 
____ 
Functional Block Diagram 


..IIfI~JX I~lfl 
CMOS 12-8it Serial Input 
Multiplying 
D/A Converter 


• 
12-Bit Accuracy 
in 8-Pin Mini-DIP 


• 
Fast 3-Wire Serial Interface 


• 
Low INL and DNL (±1/2 
LSB Max) 


• 
Gain Accuracy to ±1 LSB Max 


• 
Low Gain Tempco (5ppm/oC Max) 


• 
Operates with +5V or +15V Supplies 


• 
TTL/CMOS 
Compatible 


• 
ESD Protected 


PART 
TEMP. RANGE 
PACKAGE 
LINEARITY 


MAX543ACPA 
O·C to +70·C 
Plastic 
DIP 
±1/2 
LSB 


MAX543BCPA 
O·C to +70·C 
Plastic 
DIP 
±1 
LSB 


MAX543ACWE 
O·C to +70·C 
Wide SO 
±1/2 
LSB 


MAX543BCWE 
O·C to +70·C 
Wide 
SO 
±1 
LSB 


MAX543AEWE 
-40·C 
to +85·C 
Wide 
SO 
±1/2 
LSB 


MAX543BEWE 
-40·C 
to +85·C 
Wide 
SO 
±1 
LSB 


MAX543BC/D 
O·C to +70·C 
Dice 
±1 
LSB 


MAX543AEJA 
-40·C 
to +85·C 
CERDIP 
±1/2 
LSB 


MAX543BEJA 
-40·C 
to +85·C 
CERDIP 
±1 
LSB 


MAX543AMJA 
-55·C 
to +125·C 
CERDIP 
±1/2 
LSB 


MAX543BMJA 
-55·C 
to +125·C 
CERDIP 
±1 
LSB 


VOO 


CLK 


6 
SRI 


5 
LOAD 


VREF 


RFB 


lOUT 
5 


* Leads 6 and 7 must be connected together 
as close to the package as possible. 


CMOS 12·8it Serial Input 
Multiplying 
D/A Converler 


ABSOLUTE MAXIMUM RATINGS 


VDD tD GND 
+17V 
VREFtD GND 
±25V 
VRFBtD GND 
±25V 
Digital 
Input 
VDltage 
tD GND 
-0.3V, VDD + 0.3V 


V'OUT to GND 
-0.3V, VDD + 0.3V 
Power 
dissipation 
to +75°C 
(any package) 
470mW 
Derate 
above 
+75°C 
by 
6mW/oC 


Operating 
Temperature 
Ranges 
MAX543AC/BC 
O°C tD 70°C 


MAX543AE/BE 
-40°C 
to +85°C 


MAX543AM/BM 
-55°C 
to +125°C 


Storage 
Temperature 
-65°C 
to +150°C 


Lead Temperature 
(soldering 
10 seconds) 
+300°C 


Stresses 
above those listed under ''Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional 
operation 
of the device at these or any other conditions 
above those indicated 
in the operational 
sections 
of the specifications 
;s not 
implied. 
Exposure 
to absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect device 
reliability. 


ELECTRICAL CHARACTERISTICS 
(VDD = +5V, +12V or +15V; VREF= +10V; VIOUT= GND 
= OV; over specified 
temperature 
range 
unless otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


STATIC PERFORMANCE 


Resolution 
N 
12 
Bits 


Integral 
Nonlinearity 
INL 
MAX543A 
±112 
LSB 
MAX543B 
±1 


Guaranteed 
monotonic 
MAX543A 
±112 
Differential 
Nonlinearity 
DNL 
to 12 bits 
MAX543B 
±1 
LSB 
over temperature 


TA = +25°C 
MAX543A 
±1 


Gain 
Error 
FSE 
Using 
MAX543B 
±2 
internal 
RFB 
LSB 


TA = TMIN to TMAx 
All 
±2 


Gain Tempco 
TCFS 
Using 
internal 
RFB 
±1 
±5 
ppmfOC 
ll.Gain/ll.Temp 
(Note 
1) 


DC Supply 
Rejection 
PSR 
ll.VDD = ±5%. 
±0.001 
%1% 


DYNAMIC 
PERFORMANCE 
(Note 
1) 


To 1I2LSB. 
lOUT load is 100011 


ITA = +25°C 
Current 
Settling 
Time 
ts 
13pF. DAC register 
alternately 
0.25 
1 
/.IS 
loaded 
with 
all 1s and all Os. 


VREF=Ov. lOUT load is 1oo01113pF. 


Digital 
to Analog 
Glitch 
Q 
DAC register 
alternately 
loaded 
with 
2 
20 
nV-s 
all 1s and all Os. 


AC Feedthrough 
at 'OUT 
FTE 
VREF= ±10Vp-p 
at 10kHz. 
0.4 
1 
mVp-p 
DAC register 
loaded 
with all Os. 


Total Harmonic 
Distortion 
THD 
VREF= 6V,ms at 1kHz. 
-85 
dB 
DAC register 
loaded 
with 
all 1s. 


Output 
Noise 
en 
10Hz to 100kHz. 
13 
15 
nVlHz 
Voltage 
Density 
Measured 
between 
RFB and lOUT. 


REFERENCE 
INPUT 


Input 
Resistance 
I 
RREF 
I VREFpin to lOUT 
7 
11 
15 
kO 


Input 
Resistance 
Tempco 
TCR 
I 
I 
-200 
Ippm/oC 


CMOS 12-8it Serial Input 
Multiplying 
D/A Converter 


ELECTRICAL CHARACTERISTICS 
(Continued) 
=- 
(Voo = +5V, +12V Dr +15V; VREF= +10V; VIOUT= GND = OV; over specified 
temperature 
range 
unless otherwise 
noted.) 
i: 


~ 
~ 
~ 


PARAMETER 
SYMBOL I 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


ANALOG 
OUTPUT 


TA = +25°C 
±0.5 
±5 


lOUT leakage 
Current 
ILKG 
DAC register 
MAX543AC/BCI 
±25 
nA 
loaded with all Os. 
TA = TMIN AE/BE 
to TMAX 
MAX543AM/BM 
±100 


DAC register 
loaded 
with 
all Os. 
55 
80 
lOUT Capacitance 
(Note 
1) 
COUT 
DAC register 
loaded 
with 
all 1s. 
85 
110 
pF 


DIGITAL 
INPUTS 


Input 
High 
Voltage 
VIH 
Voo = +5V 
2.4 
V 
Voo = +15V 
13.5 


Input 
low 
Voltage 
VIL 
Voo = +5V 
0.8 
V 
Voo = +15V 
1.5 


Input 
leakage 
Current 
IIN 
Digital 
Inputs 
at OV or Voo 
±1 
pA 


Input 
Capacitance 
(Note 
1) 
CIN 
Digital 
Inputs 
at OV or Voo 
8 
pF 


SWITCHING 
CHARACTERISTICS 
(Note 2) 


ClK 
Pulse Width 
High 
tCH 
90 
ns 


ClK 
Pulse Width 
low 
tCL 
120 
ns 


SRI Data to ClK 
Setup 
tos 
40 
ns 


SRI Data to ClK 
Hold 
tOH 
80 
ns 


lOAD 
Pulse Width 
tLD 
120 
ns 


lSB 
ClK 
to lOAD 
tSL 
0 
ns 


lOAD 
High to ClK 
tLC 
0 
ns 


POWER 
SUPPLY 


Voo Range 
Voo 
Voo = +12V or +15V 
+11.4 
+15.75 
V 
Voo = +5V 
+4.75 
+5.25 


All digital 
inputs 
at VIL or VIH 
500 
100 Range 
100 
All digital 
inputs 
at OV or Voo 
100 
pA 
5 


Note 
1: 
Guaranteed 
by design 
and not subject 
to test. 


Note 2: 
Sample 
tested 
at +25°C to ensure 
compliance. 
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GAIN vs FREQUENCY 
(OUTPUT 
AMPLIFIER: 
MAX400) 


o 
-12 


-24 


-36 
l-48 
z-60 


~ 
-72 


-84 


-96 


-108 


-120 
lk 


Voo 
= +5V 
VREF= l00mV 
TA = 25°C 


10k 
lOOk 
1M 
10M 


FREQUENCY 
(Hz) 


LOGIC THRESHOLD 
VOLTAGE 
vs SUPPLY VOLTAGE 


••• 
~ 
;.0 
~ 
o... 
~J - - -- - -- - - 
IX: 
~ 


3579111315 


Voo (VOLTS) 


;a- 
~ 
0.50 


a: 
0.25 
51 


ffi 
0 


~ 
-0.25 
IX: 
~ 
-0.50 
z 
:::; -0.75 


TOTAL HARMONIC 
DISTORTION 
vs FREQUENCY 
(MULTIPLYING 
MODE) 


0 
1.0 
Voo = +5V 


-20 
V'N = 6VRMS 
OUTPUT 
AMPLIFIER: 
MAX400 
TA = 25°C 
0.8 


-40 
;a- 
ce 
0.6 
:2- 
-60 
E- 


O 
c 
~ 
E 
0.4 


-80 


100 
1k 
10k 
lOOk 


FREQUENCY 
(Hz) 


SUPPLY CURRENT 
vs 
LOGIC 
INPUT VOLTAGE 


I 
Voo = +5V 


'" 
., 
...•••.. 


LINEARITY 
ERROR vs 
DIGITAL 
CODE 


TA = +25°C 
¥REF = +10V 


... 
0, 


2 
3 


ViN (VOLTS) 


-1.00 


o 
1024 
2048 
3072 
4096 


DIGITAL 
INPUT CODE 
(DECIMAL) 


DNL ERROR vs 
REFERENCE VOLTAGE 


....••..•... 


i"..o" 


..... 


r--.. 


i..oo'•..... 
~ 


;a- 
0 
~ 


4 
6 


VREF (VOLTS) 


4 
6 
8 


VREF(VOLTS) 


I 
I 


SRI 
~ 
:~~~~ X 
BIT 10 X::X 


tos -' 
LtOH--l 
II~ 
I 
I 
1 
tCL 
CLK INPUT 
I 


______ 
Detailed Description 
D/A Conlferter 


The MAX543 DAC circuit 
consists 
of a laser trimmed, 


thin-film 
R-2R 
resistor 
array 
with 
NMOS 
current 
switches 
as 
shown 
in 
Figure 
1. Binary 
weighted 
currents 
are switched 
to either 
lOUTor GND depend- 


ing on the status of each input data bit. Although 
the 
current 
at lOUTand GND depends 
on the digital 
input 
code, the sum of the two output 
currents 
are always 
equal to the input current 
at VREF. 


The current 
output 
lOUTcan be converted 
into a volt- 
age by adding 
an external 
output 
amplifier 
(Figure 3). 


The VREF input accepts a wide range of signals includ- 
ing fixed and time varying voltage or current 
inputs. If 
a current 
source 
is used for the reference 
input, then 
a low tempco 
external 
resistor should 
be used for RFB 
to minimize 
gain variation 
with temperature. 


The 
internal 
feedback 
resistor 
RFEl is compensated 
with an NMOS switch that matches the NMOS switches 
used in the R-2R array. This results in excellent 
supply 
rejection 
and gain temperature 
coefficient. 


The lOUT pin output 
capacitance, 
COUT, is code de- 
pendent 
and 
is typically 
55pF 
with 
all switches 
to 
GND and 85pF with all switches 
to lOUT' 


Digital Circuit 


Figure 
2 shows 
the timing 
diagram 
for the MAX543. 


The MSB is always 
loaded first on the rising edge of 


clock. 
When all the data is shifted 
into the MAX543, 
the DAC register 
is loaded by taking the LOAD signal 
low. The 
DAC register 
is transparent 
when 
LOAD 
is 
low and 
latched 
when 
LOAD 
is high. 
If the 
LOAD 
signal 
is taken 
low before the LSB bit is fully shifted 


into the shift 
register, 
the DAC output 
can produce 
a 


"glitch". 
If this is undesirable, 
the LOAD signal can be 
delayed 
30ns after the rising 
edge of the LSB clock 
edge to avoid this condition. 


CMOS 12-8it Serial Input 
Multiplying 
D/A Converter 


I 
I 
I 
I 
DB10 
DB9 


I 
I 
DBO 
(LSB) 


lOUT 


GND 


The input 
buffer 
inverters 
of the MAX543 act as level 
shifters converting 
TTL levels into CMOS logic levels. 


These input 
buffers are TTL and +5V-CMOS 
compat- 
ible (O.8V and 2.4V) at Voo = +5V. For VJ)O= +15V the 
input 
buffers 
are CMOS compatible 
(1.5V and 13.5V). 


At this 
supply 
voltage 
the input 
buffers 
are in their 
linear region when the input voltages 
are between 
1V 
and 6V. Therefore 
to minimize 
high supply 
currents, 


the digital 
input 
voltages 
should 
be kept as close to 
the 
supply 
and 
ground 
voltages 
(Voo 
and 
GND) 
as possible. 
______ 
Circuit Configurations 
Unipolar Operation 


Basic application 
of the MAX543 is shown in Figure 3. 


This 
circuit 
is 
used 
for 
unipolar 
operation 
or 
2- 
quadrant 
multiplication. 
The code table for this mode 
is given in Table 1. Note that the polarity 
of the output 
is the inverse of the reference 
voltage, 
VREF· 


LOAD SERIAL 
DATA -l 
L--l I- 


INTO INPUT 
REGISTER 
tSL-l 
II 
lec 
-------S-S 
----U 
LOAD 


CMOS 12-8it Serisllnput 
Multiplying D/A Converter 


C')• 
~ 


VREF 


~ 


VREF 
R2 
6 
2 
son 
SRI 
RFB 
/~/JXINI 


CLK 
7 
lOUT 3 


MAX543 


LOAD 
GND 
4 


":" 


Table 1. Unipolar Binary Code Table for Circuit of 
Figure 3 


DIGITAL 
INPUT 
ANALOG 
OUTPUT 
MSB 
LSB 


1111 
1111 
1111 
-VREF(:~) 


1000 
0000 
0000 
(2048) 
VREF 


-VREF 
4096 
= --2- 


0000 
0000 
0001 
-VREF 
( 4~96 ) 


0000 
0000 
0000 
0 


In many 
applications 
gain adjustment 
will 
not 
be 


necessary since the gain accuracy of the part is suf- 
ficient, or the gain is trimmed at the reference source. 
In these cases, resistors R1 and R2 in Figure 3 can be 
omitted. 
When trimming 
is used, and the 
DAC is 


operated 
over a wide temperature 
range, then low 


tempco 
« 
300ppm/°C) 
resistors should be used for 


R1 and R2. 


The capacitor 
C1 provides phase compensation 
and 


reduces overshoot 
and ringing 
when fast amplifiers 


are used at the output of the DAC. 


Bipolar Operation 


Figure 4 shows the MAX543 operating 
in the bipolar, 


or 4-quadrant 
multiplying 
mode. A second amplifier 


and three 
matched 
resistors 
(R3, R4 and R5) are 


required. These resistors must be of the same material 
(preferably 
metal film or wire-wound) 
for good tem- 


perature 
tracking 
characteristics 
«15ppm/°C), 
and 


should 
match to 0.01% for 12-bit performance. 
The 


output code is offset binary and is listed in Table 2. In 


R4 


~ 
20kCl 


Table 2. Offset 
Binary 
Code Table for 
Circuit 
of 


Figure 4 


DIGITAL 
INPUT 
ANALOG 
OUTPUT 
MSB 
LSB 


( 2047) 
1111 
1111 
1111 
+VREF 
2048 


1000 
0000 
0001 
+VREF ( 2~48) 


1000 
0000 
0000 
0 


01 
1 1 
1111 
1111 
-VREF 
( 2~48) 


( 2048) 
0000 
0000 
0000 
-VREF 
2048 


DIGITAL 
INPUT 
ANALOG 
OUTPUT 
MSB 
LSB 


( 2047) 
01 
1 1 
1111 
1111 
+VREF 
2048 


0000 
0000 
0001 
+VREF ( 2~48) 


0000 
0000 
0000 
0 


1111 
1111 
1111 
-VREF 
( 2~48) 


1000 
0000 
0000 
v 
(2048) 
- 
REF 
2048 


multiplying 
applications, 
the MSB determines output 
polarity while the other 11 bits control the amplitude. 
The 
MSB 
can 
be 
inverted 
in software 
using 
an 
exclusive-OR 
instruction 
to make the MAX543 work 
with 2's complement 
coding. Table 3 shows the code 
relationships to output voltage for the 2's complement 
operation. 


To adjust the circuit, 
load the DAC with a code of 
1000 0000 0000 and trim R1 for a OV output. With R1 
and R2 omitted, an alternative zero trim is to adjust 
the ratio of R3 and R4 for OV out. Full scale can be 
trimmed 
by loading the DAC with all "zeros" or all 
"ones" and adjusting the amplitude of VfjEFor varying 
R5 until 
the desired 
positive 
or negative output 
is 
obtained. 
In many applications 
the gain adjustment 
will 
not be necessary, especially 
when using 
parts 
with a guaranteed 
maximum ±1 LSB gain error. In 
these cases, the gain can be trimmed at the reference 
source and resistors R1 and R2 in Figure 4 omitted. 
However, 
if the trims 
are desired 
and the DAC is 
operated 
over a wide temperature 
range, then low 
tempco 
«300ppm/°C) 
resistors should be used for 
R1 and R2. 


Single Supply 
Operation 
(Voltage Mode) 


The MAX543 can be conveniently used in single supply 
(voltage 
mode) 
operation 
with 
lOUT biased at ar;Jy 
voltage 
between 
GND and Vpo. IOl.LTmust not be 
allowed to go 0.3V lower than the GND or 0.3V higher 
than Voo. Otherwise, 
internal diodes would turn on 
causing 
a high current flow from the supply which 
could damage the device'. 


Figure 5 shows the MAX543 connected as a voltage 
output DAC. IQUI is connected to the reference voltage 
source and GND is grounded. The DAC output, now 
appears at the VREFpin which 
has a constant 
im- 
pedance equal to the reference input resistance (typ- 
ically 11kO). This output should be buffered with an 
op amp when a lower output impedance is required. 
RFBpin is not used in this mode. 


The input impedance of the reference input (lOUT)for 
this mode is code dependent, and the response time 
of the circuit depends on the behavior of the reference 
source with changing 
load conditions. 


CMOS 12-8it Serisllnput 
Multiplying D/A Converter 


Two advantages of the voltage mode operation 
are 
single supply operation and that a negative reference 
is not required for a positive output. It should also be 
noted that the reference input (lOUT) must always be 
positive and is limited to no more than 2.5V when Voo 
is 15V. If the reference voltage is greater than 2.5V or 
Voo is reduced, resistance mismatches 
in the DAC's 
internal 
NMOS switches 
result in degraded 
integral 
(INL) and differential 
nonlinearity 
(DNL). 


The unipolar and bipolar circuits 
in Figures 3 and 4 
can all be converted to voltage output mode. 


MAX543 
Opto-Isolated 
__________ 
Application 


Figure 6A shows the MAX543 interface to optocoup- 
lers for isolated barrier applications. Three optocoup- 
lers (OC1 thru OC3) carry the serial data and clocking 
signals 
across the isolation 
barrier. 
Isolated 
power 
sources, V+ and V-, supply the MAX543, the output 
amplifier and optocouplers. 
If data word updates are 
infrequent, and large analog output transitions can be 
tolerated 
while serial data is being clocked 
in, then 
parts count can be reduced by eliminating 
optocoup- 


ler OC3 and tying LOAD (pin 5) of the MAX543 low. 


Using type 6N136 optocouplers 
this circuit 
accepts 
serial data at a maximum 
clock 
rate of 100kHz, or 
130ps per data word. The SERIAL DATA and LOAD 
signals should change coincident with the falling edge 
of CLOCK, as shown in the timing 
diagram 
(Figure 
6B). A positive CLOCK cycle is masked during 
the 
time that LOAD is low. 


The MAX543 will also work with +5V isolated supplies 
using the optocoupler circuit of Figure 6A. The values 
of R1 through 
R3 should be changed to 3kO to main- 
tain switching 
speed with the lower value of V+. 


Current 
drawn from 
V- for the MAX543 and opto- 
coupler 
is 3.5mA at 100kHz clock rate when all data 
bits are set to zero. V+ current drops to zero (exclud- 
ing reference and op amp current) when no new data 
is being 
loaded 
and CLOCK, 
SERIAL 
DATA, and 
LOAD are static high. 


____ 
Microprocessor 
Interlacing 
Interlacing to the 8085 


Figure 7 shows the MAX543 interfacing 
to the 8085 
microprocessor. 
The SOD line from the 8085 is used 
to send serial data to the DAC. This data is clocked 
into the MAX543 by executing 
memory write instruc- 
tions. The CLK input for the DAC c<!!lJ?e generated 
by decoding 
address 8000 and the WR signal. The 
data is transferred into the DAC register with a memory 
write instruction to address AOOOwhich brings LOAD 
low. The data for the MAX543 is stored in the right- 
justified format in registers Hand 
L of the 8085. 


CMOS 12-8it Serial Input 
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C")•• 


~; 


+5Y 
OCl 
Y' 
1 
2000 
R1·· 
2 
8k 


CLK 
3 


4 


GND 


REFERENCE 
Y' 
INPUT 


R2*· 
8k 


SERIAL 
DATA 
ANALOG 
OUTPUT 
GND 


OC3 
Y' 
MAX400 


2000 
R3** 
8k 


LOAD 


GND 
6Nl36 


NON-ISOLATED 
ISOLATED 


~ 
I 
WORD 
N + 1 
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Ao 


~ 
A,s 
•• 
ALE 
RiW 
~ 
8085 
MC6800 
4>2 


WR 


(8) ADo-7 
DATA 


DBo 


SOD 
DB7 


Interlacing 
to the MC6BOO 


Figure 8 shows the MAX543 interfacing to the MC6800 
microprocessor. 
The 
data 
is transferred 
into 
the 
MAX543 
by executing 
successive 
memory 
WRITE 


instructions 
while changing the data between WRITEs 
to construct 
the serial data to the DAC. 


The DB? data line is used for the SRI signal. The lower 
half of the memory location 0000 holds the four MSB 
data bits, and the 0001 location 
holds tile eight lSB 
data bits. The memory address 2000, RIW, and 02 are 
decoded to generate the ClK 
signal for the DAC with 
each memory WRITE. Similarly, a memory WRITE to 
address 4000 transfers data into the DAC register by 
bringing 
the MAX543's IOATI input low. 


----- 
Application Information 
Output Amplif'er 
Offset 


For best linearity, lOUTand GND should be terminated 
at exactly OV.In most applications 
lOUTis connected 
to the summing junction 
of an inverting op amp. The 
input offset voltage of the amplifier 
can degrade the 
linearity of the DAC by causing IQUTto be terminated 
to a non-zero voltage. The resulting error is: 


Error Voltage = Vos (1 + RFB/Ro) 


where Vos is the op amp's offset voltage and Ro is the 
output 
resistance of the DAC. Ro is a function 
of the 
digital 
input 
code, 
and 
varies 
from 
approximately 
11kO to 33kO. The error voltage range is then typically 
4/3Vos to 2Vos, a change of 2/3Vos. An amplifier with 
3mV of offset will, therefore, 
degrade the linearity by 
2mV, almost a full lSB 
with a 10V reference voltage. 


For best linearity, 
a low-offset 
amplifier 
such as the 
MAX400 should be used, or the amplifier 
offset must 
be trimmed 
to zero. A good rule of thumb is that Vos 
should be no more than 1I10lSB. 


The output 
amplifier 
input bias current 
(IB) can also 
limit performance 
since IB x RFBgenerates an offset 


error. IB should, therefore, be much less than the DAC 
output current for 1 lSB, typically 
250nA with VRI;F= 


10V. One tenth of this value, 25nA, is recommended. 
Offset and linearity can also be impaired if the output 
amplifier 
noninverting 
input 
is grounded 
through 
a 


"bias 
current 
compensation 
resistor." 
This 
resistor 


adds to the offset at this pin and should not be used. 
Best performance 
is obtained when the noninverting 
input is directly 
connected 
to ground. 


Dynamic Considerations 


In static or DC applications, 
the AC characteristics 
of 


the output 
amplifier 
are not critical. 
In higher speed 
applications, 
where either the reference 
input 
is an 


AC signal or the DAC output must quickly 
settle to a 
9 


new programmed 
value, the AC parameters 
of the 
output op amp must be considered. 


Another error source in dynamic applications 
is para- 
sitic 
coupling 
of signal 
from 
the VREFpin to lOUT' 


This normally 
is a function 
of board layout and lead- 
to-lead 
package capacitance. 
Noise signals can also 
be injected 
into the DAC outputs 
when the digital 


inputs are switched. This digital feedthrough 
is usually 


dependent on circuit board layout and on-chip capac- 
itive coupling. 
layout 
induced 
feedthrough 
can be 


minimized 
with guard traces between digital 
inputs. 


VREF,and lOUTpins. 


The DAC output 
follows 
the digital 
inputs when the 
lOAD 
pin is low. In this mode invalid 
outputs 
and 


voltage glitches can appear at the DAC output. Keep- 
ing the lOAD 
input high until all the data is shifted 
into the MAX543 eliminates this problem. 


CMOS 12-8it Serisllnput 
Multiplying D/A Converter 


Compen •• tion 


A compensation 
capacitor, C1, may be required when 


the DAC is used with a high speed output amplifier. 
The purpose 
of the capacitor 
is to cancel the pole 
formed by the DAC output capacitance, COUT,and the 
internal feedback 
resistor, RFB. Its value depends on 


the type of op amp used but typically 
ranges from 


10pF to 33pF. Too small a value causes output ringing 
while excess capacitance 
overdamps the output. The 


size of C1 can be minimized 
and the output voltage 


settling 
time improved 
by keeping the circuit 
board 


trace and stray capacitance at lOUTas low as possible. 


Grounding 
and Bypassing 


Since lOUTand the noninverting 
input of the output 


amplifier 
are sensitive to offset voltages, nodes that 


are to be grounded 
should be connected 
directly 
to 


"single 
point" 
ground 
through 
a separate, low resis- 


tance 
(less than 
0.20) 
connection. 
The current 
at 


'OUTand GND varies with input code, creating a code 
dependent 
error if these terminals 
are connected 
to 


ground (or a "virtual ground") through a resistive path. 


A 
1pF bypass 
capacitor, 
in parallel 
with 
a 0.01pF 


ceramic 
capacitor, 
should 
be connected 
across the 
DAC Voo and GND as close to the pins as possible. 


The MAX543 has high impedance 
digital 
inputs. To 


minimize 
noise pick-up, they should be tied to either 
Voo or GND when not used. It is good practice 
to 


connect 
active 
inputs to Voo or GND through 
high 


valued 
resistors 
(1MO) 
to 
prevent 
static 
charge 


accumulation 
if the pins are left floating, 
such 
as 
when a circuit 
card is left unconnected. 


Voo 
elK 


SRI 


lOAD 


~1I1~JXI~1I1 
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Serially Interfaced, 8-Digit I.ED Display Driver 


_______ 
General Description 


The MAX721 9 is a compact, 
serial input/output 
common- 


cathode 
display 
driver that interfaces 
microprocessors 


(I1PS)to 7-segment numeric LED displays of up to 8 digits, 
bar-graph 
displays, 
or 64 individual 
LEOs. 
Included 
on-chip 
are a BCD code-B 
decoder, 
multiplex 
scan 


circuitry, 
segment 
and digit drivers, 
and an 8x8 static 
RAM that stores each digit. 
Only one external resistor is 
required to set the segment current for all LEOs. 


A convenient 
3-wire serial interface connects to all com- 


mon I1PS. Individual 
digits may be addressed 
and up- 


dated without rewriting the entire display. 
The MAX7219 
also allows the user to select code-B decoding 
or no-de- 


code for each digit. 


The MAX7219 
includes 
a 150l1A low-power 
shutdown 


mode, analog and digital brightness 
control, a scan-limit 


register which allows the user to display from 1 to 8 digits, 
and a test mode which forces all LEOs on. 


Bar-Graph Displays 


7-Segment 
Displays 


Industrial Controllers 


Panel Meters 


LED Matrix Displays 


DDUT 


SEG 0 


SEG DP 


SEG E 


SEG C 


v+ 


ISET 


SEG G 


SEG B 


DIG 5 
SEG F 


DIG 1 
SEG A 


lOAD 
ClK 


• 
10MHz Serial Interface 


• 
Individual LED Segment Control 


• 
Decode/No-Decode 
Digit Selection 


• 
150l1A Low-Power 
Shutdown (Data Retained) 


• 
Digital and Analog Brightness Control 


• 
Display Blanked on Power-Up 


• 
24-Pin DIP and SO Packages 


• 
Drives Common-Cathode 
LED Display 


PART 
TEMP. RANGE 
PIN-PACKAGE 


MAX7219CNG 
O·C to +70·C 
24 Narrow Plastic DIP 


MAX7219CWG 
O·C to +70·C 
24 Wide SO 


MAX7219C/D 
O·C to +70·C 
Dice' 


MAX7219ENG 
-40·C to +8S·C 
24 Narrow Plastic DIP 


MAX7219EWG 
-40·C to +8S·C 
24 Wide SO 


MAX7219ERG 
-40·C to +8S·C 
24 Narrow CERDIP 


8.8.8.8.8.8.8.8. 


/vl/J XI/vi 
Maxim Integrated 
Products 
10-1 


/"'. /J X I /"'. 
is a registered 
trademark 
of Maxim Integrated 
Products. 


DIG 0- 
DIG 7 


DI~AXI""" 


12 
MAX7219 


lOAD 


13 
ClK 
SEGA-G. 
SEG DP 
8 SEGMENTS 
GND 


GND 


4 
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ABSOLUTE MAXIMUM RATINGS 
v + Voltage 
. 
7V 
DIGO-DIG7 Sink Current 
SOOmA 
SEG A-G, DP Source Current 
100mA 


Input Voltage (any pin) 
V+ + 0.3V to -0.3V 
Continuous 
Power Dissipation 
(TA = +8S'C) 


Narrow Plastic DIP 
Wide SO 
CERDIP 


Operating 
Temperature 
Ranges: 


MAX7219C _ G 
MAX7219E_G 
Storage Temperature 
Range 
Lead Temperature 
(soldering, 
10 see) . 


OT to +70'C 


-40'C to +8S'C 


-6S'C to +160'C 


+300'C 
0.87W 
0.76W 
1.lW 


Stresses 
beyond 
those listed under 
-Absolute 
Maximum 
Ratings· 
may cause 
permanent 
damage 
to the device. 
These are stress ratings only, and functional 
operation 
of the device 
at these or any other conditions 
beyond 
those indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating conditions 
for extended 
periods 
may affect 
device 
reliability. 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Operatina 
Supplv Voltaae 
V+ 
40 
60 
V 


Shutdown 
Supply Current 
IQ 
DIN,CLK and LOAD = GND or V+, 
lS0 
~A 
shutdown 
reaister set to 0, TA - +2S'C 


RSET= infinitv 
8 
mA 


Operating 
Supply Current 
lOp 
All segments 
and decimal 
points on, 
ISEGO= -40mA 
330 
mA 


Display Scan Rate 
fosc 
V+ = SV,8 diaits scanned 
SOO 
1300 
2000 
Hz 


Digit Drive Sink Current 
IDIGI 
TA = +2S'C, V+ = SV,VOUT - 0.6SV 
320 
mA 


Segment 
Drive Current Source 
ISEGO 
TA = +2S'C, V+ = SV,VOUT =V+-1V 
-30 
-37 
-40 
mA 


Seament 
Drive Current Matchina 
3.0 
% 


DiQit Drive Source Current 
IDIGO 
DiQit off, VOUT = V+ - 0.3V 
-2 
mA 


Seament 
Drive Current Sink 
ISEGI 
Seament off, VOUT = 0.3V 
S 
mA 


LOGIC INPUTS 


DIN, CLK and LOAD 
-1 
Input Current 
I 
VIN = OV 
1 
~ 
VIN = V+ 


Logic 1 Input Voltage 
VIH 
3.S 
V 


LOQic 0 Input Voltaae 
VIL 
0.8 
V 


Hysteresis Voltage 
DIN, CLK, and LOAD 
1.0 
V 


DOUT 
Output High Voltage 
VOH 
lOUT = -lmA, 
V+-1.0 
V 


IOUT-l~ 
V+ 


Output Low Voltaae 
VOL 
DOUT, lOUT = 1.6mA 
0.4 
V 


Data-Hold 
Time DATAIN to Clock 
tlDH 
0 
-S 
ns 


Data-Setup 
Time DATAIN To Clock 
tlDS 
2S 
ns 


Clock-to-Serial 
Output Prop Delav 
tOPD 
CLOAD = SOoF 
2S 
ns 


Clock Low Time 
tCKL 
SO 
ns 


Clock Hiah Time 
tCKH 
SO 
ns 


Data-to-SeQment 
Prop Delav (Note 1) 
tDSPD 
CLOAD = SOpF 
0 
2.2S 
ms 


Load-Rising 
Edge to Next Clock 
tLDCK 
SO 
ns 
Risina Edge 


Clock-to-Load 
Rising Edge 
tCKLD 
0 
ns 
Setup Time 


Load Low Time 
tLDL 
SO 
ns 


Load Hiah Time 
tLDH 
SO 
ns 
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TA=+25"C 
/ 
/ 
/ 
/ 


~ 
1300 


is 
1250 


as 
::> 


~ 
1200 


4.5 
5 
5.5 


SUPPLYYOLTAGE 
(V) 


700 


9: 
600 
~ 
u 
~ 
500 
i'e 
~ 
400 


~ 
;:; 
300 
o 


10 
20 
30 
40 


SEGMENT 
CURRENT 
(mA) 


PIN 
NAME 
FUNCTION 


1 
DIN 
Serial Data Input. 
Data is loaded into an internal 
16-bit shift register on the rising edQe of ClK. 


2,3,5-8,10,11 
DIGO-7 
8 digit drive lines that sink current from the display. 


4,9 
GND 
Ground (both GND pins must be connected) 


12 
lOAD 
load 
Data Input. 
On lOAD's 
risinq edqe, the last 16 bits of serial input data are latched. 


13 
ClK 
Clock Input. 
10MHz maximum 
rate 
On ClK's 
rising edge, data is shifted into the internal shift 


register. 
On ClK's 
falling edge, data is clocked 
out of DOUT 


14-17,20-23 
SEG A-G, DP 
7-segment 
drive and decimal 
point lines that source current to the display. 


18 
ISET 
Connect to V+ through a resistor (RSET)to set the peak segment current 
(Refer to "Selecting 
RSET Resistor" 
section). 


19 
V+ 
Supply Voltaqe 


24 
DOUT 
Serial Data Output. 
The data into DIN is valid at DOUT 16.5 clock cycles later. 
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16-BIT 
DATA PACKET N 


(BIT 15 MSB) 
BIT 14 THRU 
BIT 0 (LSB) 
BIT 1 


VALID DATA, 
' 


DATA PACKET N, , 
BIT 14 


VALID DATA, 


DATA PACKET N+l, 


BIT 14 


VALID 
DATA, 


BIT 15 
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______ 
Detailed Description 


Serial Addressing Modes 


Serial data at DIN, sent in 16-bit packets, 
is shifted into 


the internal 16-bit shift register with each rising edge of 
CLK. 
The data is then latched 
into either the digit or 


control registers on the rising edge of LOAD. LOAD must 
go high concurrently 
with or after the 16th rising clock 
edge, but before the next rising clock edge or data will 
be lost. 
Data at DIN is propagated 
through 
the shift 


register 
and appears 
at OOUT 16.5 clock cycles 
later. 


Data is clocked 
out on the falling edge of CLK. Data bits 


are labeled 00-015 
(Table 1). 08-011 
contain the reg- 
ister address, 
00-07 
contain the data, and 012-015 
are 


"don't care" bits. 
The first bit received 
is 015, the most 


significant 
bit (MSB). 


Digit and Control Registers 


Table 2 lists the 14 addressable 
digit and control regis- 


ters. The digit registers are realized with an on-chip, 8x8 
dual-port 
SRAM. 
They are addressed 
directly 
so that 
individual 
digits can be updated 
and retain data as long 


as V+ typically exceeds 2V. The control registers consist 
of: decode mode, display intensity, scan limit (number of 
scanned digits), shutdown, and display test (all LEOs on). 
A no-operation 
(no-op) register 
is also included, 
which 


allows data to be passed from DIN to OOUT when de- 
vices 
are cascaded 
without 
changing 
the display 
or 


affecting 
any control registers. 


Shutdown Mode 


When 
the 
MAX7219 
is in shutdown 
mode, 
the scan 


oscillator is halted, all segment current sources are pulled 
to ground, and all digit drivers are pulled to V+, thereby 
blanking the display. 
Data in the digit and control regis- 


ters remains unaltered. 
Shutdown 
can be used to save 


power or as an alarm to flash the display by successively 
entering and leaving the shutdown mode. 
For minimum 


supply current in shutdown mode, logic inputs should be 
at ground or V+ (CMOS logic levels). 


Typically, 
it takes less than 250J.l.sfor the MAX7219 to 
leave shutdown 
mode. 
Note that the display driver can 


still be programmed 
while in shutdown 
mode, and that 


shutdown 
mode can be overridden 
by the display-test 


function. 


REGISTER 
ADDRESS 
HEX 


015-012 
011 
010 
09 
08 
CODE 


NO-OP 
X 
0 
0 
0 
0 
XO 


DIGIT 0 
X 
0 
0 
0 
1 
X1 


DIGIT 1 
X 
0 
0 
1 
0 
X2 


DIGIT 2 
X 
0 
0 
1 
1 
X3 


DIGIT 3 
X 
0 
1 
0 
0 
X4 


DIGIT 4 
X 
0 
1 
0 
1 
X5 


DIGITS 
X 
0 
1 
1 
0 
X6 


DIGIT 6 
X 
0 
1 
1 
1 
Xl 


DIGIT 7 
X 
0 
0 
0 
0 
X8 


DECODE 
MODE 
X 
1 
0 
0 
1 
X9 


INTENSITY 
X 
1 
0 
1 
0 
XA 


SCAN LIMIT 
X 
1 
0 
1 
1 
XB 


SHUTDOWN 
X 
1 
1 
0 
0 
XC 


DISPLAY TEST 
X 
1 
1 
1 
1 
XF 


Table 3. Shutdown Register Format 
(Address (Hex) = XC) 


AD DR CODE 
REGISTER 
DATA 


(HEX) 
07 D6 OS 04 03 02 01 DO 


SHUTDOWN 
XC 
X 
X 
X 
X 
X 
X 
X 
0 
MODE 


NORMAL 
XC 
X 
X 
X 
X 
X 
X 
X 
1 
OPERATION 


Initial Power-Up 


On initial power-up, 
all control 
registers 
are reset, the 


display 
is blanked, 
and the MAX7219 enters shutdown 


mode. 
Therefore 
the user must program 
the display 


driver prior to display 
use since it will initially be set to 


scan one digit, itwill not decode data in the data registers, 
and the intensity register will be set to its minimum value. 


Decode-Mode Register 


The decode-mode 
register sets BCD code B (0-9, E, H, 


L, P, and -) or no-decode 
operation for each digit. 
Each 
bit in the register corresponds 
to one digit. A logic high 
selects code B decoding 
while a logic low bypasses 
the 
decoder. 
Examples of the decode mode control-register 


format are shown in Table 4. 
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Table 4. Decode-Mode 
Register Examples (Address (Hex) = X9) 


~ 
><; 


REGISTER 
DATA 


07 
06 
05 
04 
03 
02 
01 
DO 
(HEX CODE) 


NO DECODE 
FOR DIGITS 7-0 
0 
0 
0 
0 
0 
0 
0 
0 
00 


CODE B DECODE 
FOR DIGIT 0 
0 
0 
0 
0 
0 
0 
0 
1 
01 
NO DECODE 
FOR DIGITS 7·1 


CODE B DECODE 
FOR DIGITS 3-0 
0 
0 
0 
0 
1 
1 
1 
1 
OF 
NO DECODE 
FOR DIGITS 7-4 


CODE B DECODE 
FOR DIGITS 7-0 
1 
1 
1 
1 
1 
1 
1 
1 
FF 


7-SEGMENT 
REGISTER 
DATA 
ON SEGMENTS 
= 1 
CHARACTER 
07* 
06-04 
03 
02 
01 
DO 
DP* 
A 
B 
C 
0 
E 
F 
G 


0 
X 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
0 


1 
X 
0 
0 
0 
1 
0 
1 
1 
0 
0 
0 
0 


2 
X 
0 
0 
1 
0 
1 
1 
0 
1 
1 
0 
1 


3 
X 
0 
0 
1 
1 
1 
1 
1 
1 
0 
0 
1 


4 
X 
0 
1 
0 
0 
0 
1 
1 
0 
0 
1 
1 


5 
X 
0 
1 
0 
1 
1 
0 
1 
1 
0 
1 
1 


6 
X 
0 
1 
1 
0 
1 
0 
1 
1 
1 
1 
1 


7 
X 
0 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 


8 
X 
1 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 


9 
X 
1 
0 
0 
1 
1 
1 
1 
1 
0 
1 
1 


X 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 


E 
X 
1 
0 
1 
1 
1 
0 
0 
1 
1 
1 
1 


H 
X 
1 
1 
0 
0 
0 
1 
1 
0 
1 
1 
1 


L 
X 
1 
1 
0 
1 
0 
0 
0 
1 
1 
1 
0 


P 
X 
1 
1 
1 
0 
1 
1 
0 
0 
1 
1 
1 


blank 
X 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 


When the code 
B decode 
mode is used, the decoder 
looks only at the lower nibble 
of the data in the digit 
registers 
(03-00), 
disregarding 
bits 04-06. 
07, which 
sets the decimal 
point (SEG OP), is independent 
of the 
decoder 
and is positive 
logic (07=1 
turns the decimal 


point on). The code-B font is listed in Table 5. 


Intensity Control and 
Interdigit Blank.ing 


The MAX7219 allows the display 
brightness 
to be con- 
trolled 
with an external 
resistor 
(RSET) 
connected 
be- 
tween 
V+ and 
ISET, and 
digitally 
using 
the intensity 
register. 
The peak current 
sourced 
from the segment 
drivers will nominally 
be 100 times the current entering 
ISET. This resistor can either be fixed, or variable to allow 


brightness 
adjustment 
from the front panel. Its minimum 
value should be 9.53kn, which typically sets the segment 
current at 37mA. 


Digital 
control 
of segment 
current 
is provided 
by an 
internal 
pulse-width 
modulated 
OAC, which 
is loaded 
from the lower nibble of the intensity register. 
The OAC 
scales the average 
segment current in 16 steps from a 
maximum of 31/32, down to 1/32 of the peak current set 
by RSET. 
The intensity register format is listed in Table 6. 


Maximum 
brightness 
occurs with a duty cycle of 31/32 
because 
the interdigit 
blanking 
time is set to 1/32 of a 
cycle. 
Interdigit 
blanking time can be increased 
by de- 
creasing the duty cycle. 


Serially Interfaced, 
8-Digit '-ED Display Driver 


Scan-limit 
Register 


The scan-limit register sets how many digits are displayed, 
from 1 to 8. They are displayed 
in a multiplexed 
manner 


with a typical 
display 
scan rate of 1300Hz with 8 digits 
displayed. 
If fewer digits are displayed, 
the scan rate is 


8fose/N, 
where N is the number of digits scanned. Since 


the number of scanned 
digits affects the display bright- 
ness, the scan-limit 
register should not be used to blank 
portions of the display 
(such as leading 
zero suppres- 


sion). 
The scan-limit 
register format is listed in Table 7. 


If the scan-limit 
register 
is set for three digits 
or less, 


individual 
digit drivers will dissipate 
excessive 
amounts 


of power. Consequently, 
the value of the RSET resistor 
must be adjusted 
according 
to the number 
of digits 
displayed, 
to limit individual 
digit driver power dissipa- 


tion. Table 8 lists the number of digits displayed 
and the 


corresponding 
maximum 
recommended 
segment 
cur- 
rent when the internal digit drivers are used. 


Display- Test Register 


The display-test 
register 
has two modes 
of operation, 
normal 
and 
display-test. 
Display-test 
mode 
turns 
all 


LEDs on by overriding 
all control 
and 
digit 
registers, 


including 
the shutdown register. The data in these regis- 


ters is not altered. 
In display-test 
mode, 
8 digits 
are 
scanned 
and the duty cycle is 31/32. 
The display-test 
register format is listed in Table 9. 
.••.""I .••.J X 1.•••""1 
_ 


Table 6. Intensity Register Format 
(Address (Hex) = XA) 


DUTY 
REGISTER 
DATA 
(HEX 
CYCLE 
07 
06 
05 
04 
03 
02 
01 
DO 
CODE) 


1/32 
X 
X 
X 
X 
a 
a 
a 
a 
xa 
(minon) 


3/32 
X 
X 
X 
X 
a 
a 
a 
1 
X1 


5/32 
X 
X 
X 
X 
a 
a 
1 
a 
X2 


7/32 
X 
X 
X 
X 
a 
a 
1 
1 
X3 


9/32 
X 
X 
X 
X 
a 
1 
a 
a 
X4 


11/32 
X 
X 
X 
X 
a 
1 
a 
1 
X5 


13/32 
X 
X 
X 
X 
a 
1 
1 
a 
X6__ 


15/32 
X 
X 
X 
X 
a 
1 
1 
1 
X7 


17/32 
X 
X 
X 
X 
1 
a 
a 
a 
X8 


19/32 
X 
X 
X 
X 
1 
a 
a 
1 
X9 


21/32 
X 
X 
X 
X 
1 
a 
1 
a 
XA 


23/32 
X 
X 
X 
X 
1 
a 
1 
1 
XB 


25/32 
X 
X 
X 
X 
1 
1 
a 
a 
xe 


27/32 
x 
X 
X 
X 
1 
1 
a 
1 
XD 


29/32 
X 
X 
X 
X 
1 
1 
1 
a 
XE 


31/32 
X 
X 
X 
X 
1 
1 
1 
1 
XF 
(max on) 


Table 7. Scan-Limit 
Register Format 
(Address (Hex) = XB) 


REGISTER 
DATA 
(HEX 


070605 
04 03 02 01 DO CODE) 


'DISPLAY 
DIGIT 0 ONLY 
X 
X 
X 
X 
X a a a 
xa 


'DISPLAY 
DIGITS 0 & 1 
X 
X 
X 
X 
X a a 
1 
X1 


'DISPLAY 
DIGITS 0 1 2 
X 
X 
X 
X 
X a 
1 a 
X2 


DISPLAY DIGITS 0 1 23 
X 
X 
X 
X 
X a 
1 
1 
X3 


DISPLAY DIGITS 
X 
X 
X 
X 
X 
1 a a 
X4 
01234 


DISPLAY DIGITS 
X 
X 
X 
X 
X 
1 a 
1 
X5 
012345 


DISPLAY DIGITS 
X 
X 
X 
X 
X 
1 
1 a 
X6 
0123456 


DISPLAY DIGITS 
X 
X 
X 
X 
X 
1 
1 
1 
X7 
01234567 


Table 8. Maximum Segment Current for 1,2 or 3 
Digit Displays 


NUMBER 
OF DIGITS 
MAXIMUM 
SEGMENT 
DISPLAYED 
CURRENT 


1 
1amA 


2 
2amA 
3 
3amA 


Table 9. Display-Test 
Register Format 


(Address (Hex) = XF) 


REGISTER 
DATA 


07 
06 
05 
04 
03 
02 
01 
DO 


NORMAL 
OPERATION 
X 
X 
X 
X 
X 
X 
X 
a 


DISPLAY TEST MODE 
X 
X 
X 
X 
X 
X 
X 
1 


No-Op Register 


The no-op register is used when cascading 
MAX7219s. 


Connect all devices' 
LOAD inputs together and connect 
~ 
DOUT to DIN on adjacent 
MAX7219s. DOUT is a CMOS u=- 
logic level output that easily drives DIN of a successively 
cascaded 
MAX7219. 
Refer to the "Serial Addressing 


Modes" 
section 
for 
detailed 
information 
on 
serial 


inpuVoutput 
timing. 
For example, 
if four MAX7219s are 


cascaded, 
then to write to the fourth 
chip, 
send 
the 


desired 
16-bit word, followed by three no-op codes (hex 


XOXX,see Table 2). When load goes high, data is latched 
in all devices. 
The first three chips receive no-op com- 
mands, and the fourth receives the intended data. 


Serially Interfaced, 8-Digit LED Display Driver 


____ 
Applications 
Information 


Supply Bypassing and Wiring 


To minimize 
power-supply 
ripple due to the peak digit 
driver currents, 
connect a 10J.lFelectrolytic 
and a 0.1 J.lF 
ceramic capacitor 
between V+ and GND as close to the 
device as possible. 
The MAX7219 should be placed in 
close 
proximity 
to the LED display, 
and 
connections 
should 
be kept as short as possible 
to minimize 
the 
effects of wiring inductance 
and electromagnetic 
inter- 
ference. 
Also, both GND pins must be connected 
to 
ground. 


Selecting RSET Resistor and Using 


External Drivers 


The current per segment is approximately 
100 times the 
current 
in ISET. 
To select 
RSET, see Table 
10. 
The 
MAX7219's 
maximum 
allowable 
segment 
current 
is 
40mA. For an LED forward 
voltage 
drop of 2.5V, RSET 
must be greater than 9.53k. For segment current levels 
above 
the 
MAX7219 
limits, 
external 
drivers 
will 
be 
needed. 
In this application, 
the MAX7219 serves as only 
a controller 
for other high-current 
drivers or transistors. 


Therefore, 
to conserve 
power 
in the 
MAX7219, 
use 
RSET= 47k when using external current sources as seg- 
ment drivers. 


The example 
in Figure 2 uses the MAX7219's 
segment 
drivers, 
a MAX333 
single-pole 
double-throw 
analog 
switch, 
and 
external 
transistors 
to 
drive 
4.0" 


AND4107SCL 
common-cathode 
displays. 
The 
5.6V 
zener diode has been added 
in series with the decimal 


point LED because 
the decimal 
point LED forward volt- 


age is typically 4.2V, while for all other segments the LED 
forward voltage is typically 8V. Note that since external 
transistors are used to sink current (DIG 0 and DIG 1 are 
used as logic switches), 
peak segment currents of 40mA 
are allowed even though only two digits are displayed. 
In applications 
where the MAX7219's 
digit drivers 
are 
used to sink current and fewer than four digits are dis- 
played, see Table 8 which specifies the maximum allow- 


Table 10. RSET YS. Segment 
Current 
and LED 


Forward 
Voltage 


VLED (V) 


ISEG 
1.5 
2 
2.5 
3 
3.5 
(mA) 


40 
11.3 
lOA 
9.8 
89 
78 


30 
16.3 
15 
14 
12.9 
llA 


20 
26.2 
24.6 
22.8 
20.9 
186 


10 
60.1 
56 
51.7 
47 
41.9 


able segment current. 
RSET must be selected 
accord- 
ingly (see Table 10). 


Refer to the "Power 
Dissipation" 
section 
to calculate 
acceptable 
limits for ambient temperature, 
segment cur- 
rent, and the LED forward-voltage 
drop. 


PACKAGE 
THERMAL 
RESISTANCE 
(6JA) 


24 Narrow DIP 
+75"Cf\N 


24 Wide SO 
+85"Cf\N 


24 CERDIP 
-t60"Cf\N 


Maximum Junction Temperature 
(TJ) = + 150"C 


Maximum Ambient Temperature 
(TA) = +85"C 


Computing Power Dissipation 


The 
upper 
limit 
for 
power 
dissipation 
(PD) 
for the 


MAX7219 is determined 
from the following equation: 


PD = (V+ x 8mA) + (V+ - VLED)(DUTY x ISEGx N) 


where: 


V+ 
= Supply Voltage 


DUTY = Duty Cycle set by intensity register 


N = number of segments driven (worst case is 8) 


VLED = LED forward voltage 


ISEG= Segment Current set by RSET 


Dissipation 
Example: 


ISEG = 40mA, N = 8, DUTY = 31/32, VLED = 1.8V at 


40mA, 
V+ = 5.25V 


PD = 5.25V(8mA) 
+ (5.25V - 1.8V)(31/32 x 40mA x 8) 


= 1.11W 


Thus, for a CERDIP package 
(9JA = +60C"/W), the max- 
imum allowed ambient temperature 
TA is given by: 


TJmax = TA + PD x 9JA 


+ 150"C = TA + 1.11W x +60"C/W 


TA = +83.4"C 


Cascading Drivers 


The example in Figure 3 drives 16 digits using a 3-wire 
J.lPinterface. 
If the number of digits is not a multiple of 8, 
set both drivers' scan-limit registers to the same number 
so one display will not appear brighter than the other. For 
example, if 12 digits are needed, use 6 digits per display 


Serially Interfaced, 8-Di9it LED Display Driver 


AN04107SCL 
AN04107SCL 
S 
ANODE 
OP 
~ 
ANOOEOP 


7 
~ 
ANODE A 
ANODE A 
9 
~ 
ANODE F 
ANOOEF 
6 
6 


10 
ANODE 
B 
ANOOEB 
10 
ANODE G 
ANOOEG 
~ 
4 
ANODE C 
ANODE C 
-3. 


ANODE E 


2 
ANODE E 
3 
ANODE 
0 
CATHODE 
3 
ANODE 0 
CATHODE 
~ 


81 
8 


23 
- 
SEG 0 
21 
'-- 
SEG E 
20 


17 
SEG C 


16 
SEG G AltAX.AIt 
5V 


15 
SEG B 
MAX1219 
19 
SEG F 
V+ 
4.7k 


14 
~ 
22 
SEG A 
9.53k 
SEG OP 
4.7k 


4 
~ 
16 
,j 
P 


GNO 
lsEr 


GNO 
~ 
NC1 


7,- 
NC2 
COMl 
II- 
2 
.-...AXUM 


DATA IN 
DIN 
DlGO 
IN1 MAX333 
IRF523 
11 
10 
LOAD 
LOAD 
DlG1 
IN2 
COM2 - 
2 
CLOCK 
..- 
CLK 
9 
N01 
- 
N02 


5 
! 
,I- 


-5V 
I~I 


Serially Interfaced, 8-Digit LED Display Driver 


with both scan-limit 
registers set for 6 digits so that both 
displays 
have a 1/6 duty cycle per digit. 
If 11 digits are 
needed, 
set both scan-limit 
registers 
for 6 digits 
and 
leave one digit driver unconnected. 
If one display is set 


for 6 digits and the other for 5 digits, the second display 
will appear brighter because 
its duty cycle per digit will 
be 1/5 while the first display's will be 1/6. Refer to the "No 
Op Register" section for additional 
information. 


DATA IN 
DIN 
DOUT 
DIN 
DOUT 


DIG 0 
SEG D 
DIG 0 
SEG D 


DIG 4 
SEG DP 
DIG 4 
SEG DP 


GND 
SEG E 
5V 
GND 
SEG E 
5V 


DIG 6 
SEG C 
DIG 6 
SEG C 


DIG 2 
DIG 2 
V+ 


DIG 3 
ISET 
DIG 3 
ISET 


DIG? 
SEG G 
9.53k 
DIG? 
SEG G 
9.53k 


GND 
SEG 8 
GND 
SEG 8 


DIG 5 
SEG F 
DIG 5 
SEG F 


DIG 1 
SEGA 
DIG 1 
SEGA 
.•••••AXIA'l 


LOAD 
CLK 
LOAD 
CLK 
MAX7219 


LOAD DATA 


CLOCK 


Figure 3. Cascading 
MAX7219s to drive 16 7-segment 
LEO digits. 
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________ 
Wafer Inspection 


All wafers 
are fabricated 
using specifically 
developed 
processes 
with extremely 
tight control. 
Each must pass 
numerous 
in-process 
check-points 
for oxide thickness, 
critical 
dimensions, 
pin 
hole 
densities, 
and 
other 
requirements, 
and 
must 
comply 
with 
Maxim's 
de- 
manding 
Electrical 
and Physical 
Specifications. 


Finished 
wafers 
are inspected 
optically 
to detect 
any 
physical 
defects. Then they are parametrically 
tested to 
insure 
full 
conformity 
to Maxim's 
specifications. 
Our 


Package Unit Process Flow 


parametric 
measurement 
capability 
has been specially 
designed 
by Maxim 
to make the precision 
measure- 
ments 
which 
are mandatory 
to insure 
reliability 
and 
reproducibility 
in analog circuits. 
We believe this quality 
control 
technology 
to 
be the 
best 
in the 
industry, 


capable 
of resolving 
below IpA current 
levels, and less 
than 
IpF capacitance. 
Maxim's 
proprietary 
software 
allows automatic 
measurement 
of subthreshold 
charac- 


teristics, 
fast surface 
state density, 
and other 
parame- 
ters which 
are crucial 
to predicting 
long term stability 
and reliability. 


Every Maxim wafer is subject to this rigorous 
screening 
at no premium 
to our customers. 


Testing 


After 
wafer 
parametric 
inspection, 
each 
die is 100% 
tested 
prior 
to assembly. 
Once 
assembled, 
units 
are 
tested over temperature. 
This is not a common 
practice 
in the industry. 
By using the latest high speed automatic 
handling 
equipment, 
Maxim is able to offer "at temper- 


ature" testing 
for no additional 
cost. 


Sophisticated 
testing 
is an integral 
part of delivering 
the highest 
quality 
data acquisition 
products. 
Maxim's 
analog test capability 
represents 
an order of magnitude 
improvement 
in accuracy, 
noise 
performance, 
and 
speed when compared 
to current 
industry 
standards. 


This provides the customer 
with total assurance 
that he 
will receive the part he paid for every time, without 
fail. 


Product 
Conditioning 
________ 
and Qualification 


Reliability 
of Maxim's 
products 
is further 
assured 
by 
subjecting 
parts 
to qualification 
cycles 
that 
include 
accelerated 
life tests equivalent 
to 20 million 
operating 
hours, 
as well as pressure 
and 
humidity 
(85°C/85%) 


cycles. In addition, 
every unit shipped 
has been burned- 
in (with 
the exception 
of reversed 
lead and 
Surface 
Mount 
Products-see 
below) to further 
reduce the pos- 


sibility 
of field 
failure. 


Products 
processed 
to this level are normally 
available 
from other manufacturers 
at a price premium, 
by order- 
ing special 
process 
flows. 
Maxim 
provides 
this testing 
and 
conditioning, 
including 
a 100% burn-in, 
at no 
additional 
cost. 


Maxim 
is committed 
to providing 
high quality, 
high 
reliability 
8 to 60 lead plastic surface mount products. 


With few exceptions, 
every monolithic 
product will be 
offered 
in a surface 
mount 
package. These products 
are processed 
through 
the same manufacturing 
flow 
as the dual-in-line 
(DIP) plastic devices and are tested 


__________ 
Pin Convention 


0.150" JEDEC 
SOIC (S) parts have the same pinout 
as in the 0.300" DIP package equivalents. 


0.300" 
JEDEC 
SOIC 
(W) parts also have the same 
pinout 
as 
in 
the 
0.300" 
DIP 
package 
except 
for 
selected 
products 
in the 16 lead. 14 lead products 
that are too large for the 0.150" 14 lead (S) package 
are made available in the 0.300" 16 lead (W) package. 


_____ 
F/atpack 
Pin Convention 


No 
fixed 
convention 
exists 
for 
40-lead 
products 
assembled 
in either 44-lead or 60-lead flatpack. 
Con- 
sult product 
marketing for specific pin-outs. 


to the same stringent 
electrical and visual AQL levels, 


with 
the exception 
of 100% burn-in 
and cold 
test. 


They receive the same product 
conditioning 
and lot 
qualification 
as the 
DIPs. 
Maxim 
still 
assures 
the 
reliability 
of every lot by subjecting 
a sample 
from 
each lot to a long term life test prior to shipment. 


____ 
Quad Pack Pin Convention 


1.) 
Devices in the 28 Lead Quad Pack are pin for pin 
number compatible 
with the DIP package. That is 
to say, pin 1 on the 28L Quad will be the same 
function 
as pin 1 on the DIP package. 


2.) 
All 
40 
Lead 
devices 
planned 
for 
the 
44 Lead 
Quad 
pack will 
have the following 
pin conven- 


tion: 


DIP 
QUAD 
DIP 
QUAD 
DIP 
QUAD 
DIP 
QUAD 
PIN# 
PIN# 
PIN# 
PIN# 
PIN# 
PIN# 
PIN# 
PIN# 


1 N/C 
12 N/C 
23 N/C 
34 N/C 
1 
2 
11 
13 
21 
24 
31 
35 
2 
3 
12 
14 
22 
25 
32 
36 
3 
4 
13 
15 
23 
26 
33 
37 
4 
5 
14 
16 
24 
27 
34 
38 
5 
6 
15 
17 
25 
28 
35 
39 
6 
7 
16 
18 
26 
29 
36 
40 
7 
8 
17 
19 
27 
30 
37 
41 
8 
9 
18 
20 
28 
31 
38 
42 
9 
10 
19 
21 
29 
32 
39 
43 
10 
11 
20 
22 
30 
33 
40 
44 


Surface Mount 
_____ 
Packages In Reeled 
Tape 


Maxim surface mount packages are normally shipped 
in antistatic 
plastic 
rails. 
They 
are also 
available 
mounted 
in pockets on embossed tape for customers 
using 
automatic 
placement 
systems. 
The 
tape 
is 
wound 
and shipped 
on reels. 


The following 
table and diagrams 
indicate 
the tape 
sizes 
used for the various 
package 
types 
and the 
basic orientation 
convention 
used. Further 
tape and 


reel specifications 
can be found 
in the 
Electronic 


Industries 
Association 
(EIA) standard 481. 


COMPONENT 
TAPE SIZE mm (W) 
PART PITCH mm (P) 


8L 
12 
8 
SOIC 
14L 
16 
8 
16L 
16 
8 


16L 
16 
12 
18L 
24 
12 
SOIC 
20L 
24 
12 
24L 
24 
12 
28L 
24 
12 


PLCC 
28L 
24 
16 
44L 
32 
24 


PFP 
44L 
24 
16 
60L 
44 
32 


All of Maxim's 
standard 
products 
are available in die 
and 
wafer 
form. 
Every 
diffusion 
lot 
committed 
to 
die/wafer 
sales 
is qualified 
through 
a die 
sample 
assembled 
into packaged 
units. This sample 
is then 
subjected 
to "Packaged 
Unit Process Flow" the stan- 
dard to ensure lot quality and reliability. 


----- 
Electrical Specifications 
All 
material 
committed 
to 
die/wafer 
sales 
is 100% 


electrically 
probed 
using 
Maxim's 
sophisticated 
test 
equipment. 
Most 
parameters 
tested 
are checked 
to 
limits 
that 
are 
more 
stringent 
than 
the 
data sheet 
25°C worst case parameters. 


Generally, the parameters or parameter 
limits listed in 
the packaged 
unit data sheets are tested during 
elec- 


trical probe. However some parameters are impossible 
to test or test with absolute accuracy 
on unassembled 
product. 
Information 
regarding 
any of these parame- 
ters/parameter 
limits 
may 
be 
obtained 
from 
the 
factory. 


PARAMETER 
3" 
I 
4" 
UNITS 


Chip Thickness 
13 ± 1 I 
15 ± 1 
mils 
Backlapped wafers 


Die length/width 
tolerance 
± 1 
mils 


Bonding pads 
4.0 x 4.0 
mils 
dimensions (minimum) 


Bonding pad and 
10K-15K 
A 
interconnect 
material thickness 


Storage temperature 
-40 to +150 
°C 


Operating temperature 
-20 to +70 
°C 


Die and wafers 
are visually 
inspected 
according 
to 
MIL-STD-883, 
Method 2010.2, Condition 
8 with modi- 


fications 
reflecting 
CMOS requirements. 


Each die surface is protected 
by a planar passivation 
layer and additional 
surface 
glassivation 
except 
for 
bonding pads and scribe lines. The surface passivation 
is removed from the bonding 
pad areas by HF etching 
or by plasma etching. 
The bonding 
pads may appear 
discolored 
at low magnification 
due to surface rough- 
ness of the aluminum 
caused by the etchant. 


Maxim 
guarantees 
die 
and 
wafer 
AQL 
levels 
as 


follows: 


Visual 
1.0% 
Functional 
Electrical 
Testing 
0.65% 
Parametric 
DC Testing 
2.5% 
Untested Parameters 
6.5% 


- 
Assembly Procedures 


Handling 


Maxim recommends 
that die and wafers be stored 
in 


a clean, dry ambient-preferably 
inert gas. Extreme 


care should 
be taken when handling 
die. 80th 
elec- 


trical and visual damage can occur 
as a result of an 


unclean environment 
or harsh handling 
techniques. 


Die Attach 


To 
prevent 
oxidization 
the 
die 
attach 
operation 


should 
be done 
under 
a gaseous 
nitrogen 
ambient 


atmosphere. 
If an eutectic 
die attach 
is used, 
it is 


recommended 
that 
a 98% gold/2% 
silicon 
preform 


be used at a die attach temperature 
between 
385°C 


and 435°C. If an epoxy die attach is used, the epoxy 
cure temperature 
should not exceed 150°C. 


Bonding 


Thermosonic 
or thermocompression 
gold ball bond- 


ing may be used with 1.0 or 1.3 mil diameter 
99.99% 


pure 
gold 
wire. 
Ultrasonic 
bonding 
may 
be 
used 


with 
1.0 or 
1.25 mil 
diameter 
99% aluminum/1% 


silicon wire. 


Standard Die and 
______ 
Wafer Carrier Package 


Die and wafers are packaged 
as shown 
in Figures 
1 


and 2, respectively. 


~~ 
COMPARTMENTED 


:: 
.:.~~. 
•••• 
/ 
TRAY 
, r 
,. 
~ , 
••• 
.. ~..~~ 


CLEAR AMBER COVER 
WITH ANTI-STATIC 
PLASTIC FILM 


---------- 
__ 
Changes 


Maxim 
reserves the right to improve 
device geome- 


tries 
and 
manufacturing 
processes 
without 
prior 


notice. 
Although 
these improvements 
may result in 


slight 
geometry 
changes, 
they 
will 
not 
affect 
die 


electrical limits, pad layouts, or maximum die sizes. 


_______ 
User Responsibility 


Written 
notification 
of 
any 
non-conformance 
by 


Maxim or Maxim's dice specifications 
must be made 


within 
75 days of the shipment 
date of the die to the 


user. Maxim 
assumes 
no responsibility 
for the dice 


after 75 days or after further 
user processing 
such 


as, but not limited to, chip mounting 
or wire bonding. 


INCOMING 
WAFER 
INSPECTION 


100% WAFER 
PARAMETRIC 
TEST 


100% WAFER 
VISUAL 
INSPECTION 


WAFER 
LOT TEST 
FOR PASSIVATION, 


CV DRIFT 
AND 
OTHER 
RELIABILITY 
INDICATORS 


QC 
SAMPLE 
ASSEMBLED 


••. FOR 
LOT 


QUALIFICATION 


_______ 
Ordering Information 


Oie orders are identified 
by a /0 suffix. 


Example: ICL7109C/0 


When 
ordering 
die 
in 
wafer 
form 
replace 
"0" 


in the part numbers with a "W" 
Example: MAX7231C/O Oie = MAX7231 C/W Wafer. 


Maxim's /883 and /HR Program 


_______ 
883 PROGRAM 
HR PROGRAM 


As of July 1st, 1988, Maxim is a certified manufacturer of Mil- 
Std-883, Class B, Rev. C product. Becoming a manufacturer 
capable of processing 
product to 883 requirements 
entails 
operator 
training, 
equipment 
calibration, 
documentation, 
design baselines etc., that are intangible and transparent for 
the product. 
In addition to factory certification, 
every device 
must be individually certified and qualified. 


In summary, this program produces devices that are tested 
to operate 
over the military 
temperature 
range 
(-55'C 
to 
+125'C) and are meticulously 
processed 
per Mil. Method 
5004. Finally, the 883 device manufacturing 
lots are sub- 


jected to Quality Conformance 
inspection 
per Mil. Method 
5005 (Groups A, B, C, and D testing). Once a manufactur- 
ing lot has been processed 
through 
these 
two stringent 
methods, it is ready for sale as /883 compliant product. 


Prior to the inception of the 883 program, Maxim offered its 
products in an /HR (High Reliability) 
Flow. Maxim will con- 


tinue to offer this highly successful 
processing 
program for 
customers 
requiring military grade product, but who do not 


want to pay the substantial 
cost added for certified product 
in full compliance 
to Mil-Std-883. 
The /HR program offers 
device 
processing 
which 
emulates 
Mil. 
Method 
5004 
processing, 
including full material traceability 
and process 
genealogy from Incoming Raw Materials through Final Ship- 
ment. However, full QCI testing will not be performed unless 
requested. Only Group A of Mil. Method 5005 will be done 
per lot. Groups B, C, and D must be specifically 
requested 
during order placement. 
This is done simply by placing a 
single letter suffix (B, C, or D) at the end of the ordered part 
number (see chart). 


Ordered 
Part # 


MAX358MJElHR 


Processing 


Device 
will 
be 
processed 
through 
the 
full 
/HR 
Flow 
emulating Mil Method 5004 and 
QCI tested to Group A of Mil 
Method 5005. 


Same as above with the addi- 
tion of Mil Method 5005 Group 
B testing. 
QCI contains 
both 
Group A and B. 


Same 
as above 
except 
now 
QCI 
includes 
Group 
C. QCI 
now contains Groups A, B, and 
C. 


Same 
as above 
except 
now 
QCI 
includes 
Group 
D. QCI 
now contains 
Groups A, B, C, 


and D. 


To order /883 or /HR devices, contact the Maxim sales rep- 
resentative or distributor in your area. 


Proprietary and Second Source 
______________ 
Numbering System 


Maxim's Proprietary 
_______ 
Numbering System 


Maxim's 
proprietary 
product 
introductions 
are increas- 


ing at a significant 
rate. The devices 
are grouped 
by 


their functions 
into certain 
categories. 
Maxim 
present- 


ly uses a "MAX" 
as the prefix 
to the device's 
unique 


number. 
The categories 
are as follows: 


MAX100-199 
Analog-to-Digital 
Converters 


MAX200-299 
Interface 


MAX3OQ-399 
Analog 
Switches 
and Multiplexers 


MAX4OQ-499 
Op-Amps, 
Buffers 
and Video Amplifiers 


MAX5OQ-599 
Digital-to-Analog 
Converters 


MAX6OQ-699 
Power Supply 
Circuits 
and 
Voltage 
References 


MAX7OQ-799 
J.!PPeripherals 
and Display 
Drivers 


MAX8OQ-899 
Open 


MAX9OQ-999 
Open 


Within 
each category, 
blocks 
of numbers 
are reserved 


for sub-groups. 


EXAMPLE: 
MAX358CPD 
II LLead Count 
t== Package 
Designator 


Operating 
Temperature 
Temperefure Renge 


"C" 
O°C to +70°C 


"I" 
-20°C 
to +85°C 


"E" 
-40°C 
to +85°C 


"M" 
-55°C 
to +125°C 


''1\' 
TO-237 


"C" 
TO-220 


"0" 
Ceramic 
Sidebraze 


"F" 
Ceramic 
Flat-Pack 


"H" 
TO-66 


"J" 
CERDIP 
Dual-In-Line 


"K" 
TO-3 


"L" 
Leadless, 
Ceramic 


"M" 
Plastic 
Flat Pack 


"N" 
Narrow 
Plastic 
Dual-In-Line 


"P" 
Plastic 
Dual-In-Line 


"Q" 
Plastic 
Chip 
Carrier 
(Quad 
Pak) 


"R" 
Narrow 
CERDIP 
(24 pin, 0.3" wide) 


"S" 
Small 
Outline, 
Slim 
(8 or more 
leads), 
150 mil 


"S" 
TO-52 
(2 or 3 leads) 


"T" 
TO-5 
Type (also TO-78, 
TO-99, 
TO-1oo) 


"U" 
TO-72 
Type 
(also TO-18, TO-71) 


"V" 
TO-39 


"W" 
Small 
Outline, 
Wide 
(300 mil) 


"Z" 
TO-92 


"/0" 
Dice 


"IW" 
Wafer 


"-1" 
On Package 
Information 
Indicates 
Hybrid 
Circuit 


Number 
01 Pins 


"A" 
8 
"P" 
20 


"B" 
10 
"Q" 
2 


"C" 
12 
"R" 
3 
"0" 
14 
"S" 
4 


"E" 
16 
"T" 
6 


"F" 
22 
"U" 
60 


uG" 
24 
"V" 
8 (0.200" 
pin circle, 


"H" 
44 
isolated 
case) 
"I" 
28 
"W" 
10 (0.230" 
pin circle, 
"J" 
32 
isolated 
case) 
"L" 
40 
"Y" 
8 (0.200" 
pin circle, 
"M" 
48 
case to pin 4) 
"N" 
18 
"Z" 
10 (0.230" 
pin circle, 


case to pin 5) 


The first letter of the suffix 
is used to denote 
product 


grade, 
for example, 
MAX631ACPA 
means 
5% output 


accuracy 
(A), the remaining 
3 letters denote 
tempera- 


ture range, package 
type and number 
of leads. There- 


fore, 
the 
MAX631ACPA 
operates 
over 
the 
O°C to 


+70°C 
and 
is in a Plastic 
Dual-in-Line 
package 
and 


has 8 leads. 


In most 
cases, 
Maxim's 
part 
number 
for 
a multiple 


source 
product 
follows 
the numbering 
system 
that 
is 


most widely 
accepted 
in the industry 
for that particu- 


lar part, rather than our own convention. 
This includes 


original 
designators 
for 
package 
type, 
temperature 


range, 
and 
performance 
grades 
as well 
as the 
most 


commonly 
recognized 
prefix. 


Multiple 
source 
products 
are frequently 
supplied 
by 


Maxim 
in packages 
or temperature 
ranges 
that 
are 


not supplied 
by other 
manufacturers: 
Whenever 
pos- 


sible, 
such 
a device 
is given 
the part 
number 
that 
it 


would 
have if the original 
numbering 
convention 
were 


followed. 
For example, 
if a military 
temperature 
grade 


of a product 
is not supplied 
by other 
sources 
but is 


available 
from 
Maxim, 
the 
original 
manufacturer's 


designation 
for military 
temperature 
will 
be used. As 


a result, 
a specific 
part 
number 
supplied 
by Maxim 
may not be listed by the "original" 
manufacturer. 


This 
section 
contains 
physical 
dimensions 
and ther- 


mal 
data 
for 
all 
packages 
currently 
supplied 
by 


Maxim. 
Each drawing 
is followed 
by a two letter code 
which 
indicates 
package 
type (Plastic 
DIP, Small Out- 


line, 
etc.) 
and 
number 
of 
leads. 
This 
code 
is also 


used, 
along 
with 
indicators 
for 
temperature 
range 
and device grade (where appropriate) 
in the part num- 


ber suffix 
for each of Maxim's 
proprietary 
devices. 


_____________ 
Package Information 


0.200 
0.315- 0.335 OIA 
15.080) 
0.165 - 0.185 
18.001- 8.5091 
. 0.035 


lEAO #1 
14.191- 4.699Ir.. 
"I 
10.8891 


~ 


-D-;::O::~'" 
iT- lX 
0.029_ 0.045 
" 
_+.I. 


(0.737-1.143) 
\' 
'- ..--i/ 
0.500 
- ~ 
0.028_ 0.034 
. _ 0_,/ 
112.70) 
0.040 
10.711- 0.8641~Z 
MIN. 
~ 
~ 
~ ~ 
(1.0161MAX 


lEAD #8 
..JI-- 
0.016 - 0.019 OIA 
(0.406 - 0.483) 
. 


8 Lead 10-99 
8JA = 150°CIW 
8JC = 45°C/W 


0.395 
Ej: 


110.0331 
MAX. 
lEAD #1 


0.250± 0.00[ 
0.030- 0.110 RAD 
(6.350± 0.127) 
0.762- 2.794 
. 


0.025± 0.015 
II 
1[635 ± 0.3811--J r--- 


0.130± 0.005 
~.040 
(3.302± 0.127)L 
(1.0161TYp. 
•t- 
UO.125 
0.020 
-.J" 
(3.175)MIN. 


(0.5081MIN. ,.j~It 


0.018± 0.003 
__ 
0.100 ± 0.010 
(0.457± 0.076) 
(2.540 ± 0.2541 


0.300- 0.3~0 
0.020 
17.620- 8.128) 
r 10.508) 


O· - 10· 
0.009 - 0.015 
0.229 - 0.381 
I.. 
..I 


0.325~m 


18.255~ml 


8 Lead Plastic DIP 
8JA = 120°C/W 
8JC = 70°C/W 


_____________ 
Package Information 


8 lead Small Outline 
8JA = 170°CIW 
8JC = 80°C/W 


0.400 
E} 


llo.160) 
MAX 
LEAD#1 


0.025 
RAO 
0.291 
MA~ 
Y""10.635) 
17.3911 
~ 


-.-l 
l-.... 0.060 ± 0.005 
-I 
1- 
(1.524 ± 0.127] 
0.290 - 0.320 
0.200 
MAX 
(7.366 - 8.1281 
0.160 
0.020 - 0.070 
(5.0801 
-, 
0.125 
~ 
r 14.0641 MAX 
10.508 - 1.77all 
.i 
r13.1751 
MIN 
I~I-l... 
-L~ 
+ 
00_10o~-= 
T Itr ¥¥¥~ 
"'HI- 
__ff 0008 
- 0012 


0.060 
MAX--l ~~I~~. W 
10.203 - 0.3051 
11.5241 
0.01 B± 0.002 
10.457 ± 0.051) 
0.100 ± 0.010 
0.385 ± 0.025 


12.540 ± 0.2541 
19.779 ± 0.6351 


8 lead 
CERDIP 
8JA = 125°C/W 
8JC = 55°C/W 


_____________ 
Package Information 


rc 


0.520 
(13.21) MAX. 


0.485 
(12.319) MAX. 


lEAD 
11 
G;:r.,,,, 


II 
0.005 
~ r-(0.127) MIN. 


0.050± 0.005 TYP. 
(1.270 ± 0.127) l 


0.298 
(7.569j 
1jIAX. 


'4 
~I 
rCJLI1 
'.OM.'.",' 


~ 
+(0.203-0.381) 


I 
~0.300 
F 
4 
~ 
(7.620) RE . 


0.020 - 0.060 
(0.508-1.524)L 


0.125-~ 
(3.175 - 5.080) 


8 Lead Ceramic Sidebraze 
oJA = 120°C/W 
0JC = 50°C/W 


0.315- 0.335 
0.165_0.185 
18.001- 8.509) 


14'191_4'6991~~ 
'""_,~ 


liio.381 
-1.0161 


0.500 
tT 
(12.701 
n 
0.035 
MIN. 
U 
(0.889)MAX. 
II~ 
0.016- 0.019 
OIA 
I ~(0.406- 0.483) 
. 


10 Lead TO-100 Can 
oJA = 150°C/W 
0JC = 45°C/W 


_____________ 
Package Information 
t: 


0.170 MAX-..j 
119.5581 
." 
nVLEAO 
#1 


I:J~;[~~I:: 
::::f ,[::~: 
n, 


I I 
0.073± 0.015 
-.j 
t--11.854 
± 0.3811 
0.020 
0.300- 0.320 
0.040 
10.5081 
17620- 8.128) 


(1~016)TYP. 
~ 
I-----l 


o.l30±o.OO5L 
,11"="'"11 
13.302±0.127J--.l 
:!If 
00_10° L] 
0.009-0.015 
5 
~pr-10.229-0.3811 


I~:) 
MIN. 
.-If.-j cr 0.125 
I- 
·1 
0.018± 0.003 
13.1751MIN. 0325 + 0.025 
10.457± 0.0761 
. 
- 0.015 
0.100± 0.010 
18.255+ 0.6351 
12.540± 0.254) 
- 0.381 


14 Lead Plastic DIP 
8JA = 140°CIW 
8JC = 70°C/W 


~ 
f 
f 
0.150 - 0.158 
0.181 - 0.205 
0.228- 0.244 
13.810- 4.0131 (4.597- 5.207) 15.791- 8.198) 
-i 
t 
t_ 


LEAO* 1 IL 
-..J I-- 0.050 8Se 
--l 
0.014 - 0.018 
(1.270) 
(0.356- 0.457) 


--11- 0.018 - 0.022 
(0.457- 0.5591 
0.004 - 0.008 
10.102- 0.203) 
1~ 


1~:~~~) 
0.336 - 0.344 IU 
18.534- 8.7371- 
/. 
/45° 
30 
60 
-i 
~- 


0.Ot3 - 0.069 
++ 
(1.346- 1.7531 
0.007 - 0.009 
(0.178- 0.229) 


14 Lead Small Outline 
8JA = 115°CIW 
8JC = 60°C/W 


_____________ 
Package 'nformation 


0.160 
1.. 


14.064)MAXi 


0.020- 0.070r J 
10.508- 1.778) 


O.lllO ± 0.010 
12.540± 0.254) 


~ 
0.785 
--l 


0.291 MAxII : ~':~ 
'~': :F~;':.. 
17.391) 
. 


(~: 
MAX -.J I- 
0.125 
13175)MIN 
0.290- 0.320 
I~:~~~~ 
lam 


00-10~~I.--\- 0.008-0.012 
l~~ 
+ 
I. 
-I 
10.203- 0.305) 


0.385± 0.025 
(9.779± 0.635) 


0.018± 0.002 
10.457± 0.051) 


14 Lead CERDIP 
8JA = 1D5°CIW 
8JC = 5DoC/W 


0.762- 0.778 
(19.355- 19.761) 


0.262_ 0.282 
0.623- 0.762 
(6.655_ 7.163) I_ 
(15.824- 19.355) _I 


-t-PltM82_0.298 
~ 
~63-7.569) 
0.300- 0.320 
0.010- 0.007 
0.086- 0.170 
17.620- 8.128) 
(0.508-1.7781 


12.184- 4.3181 
LEAD#1 
1-1' 
I 
t~~----~I=~:=m~t~=~:~~r=~) 
R~ 
I:::n:l-~l~l-r 
~l~~~~l 


0.095- 0.105---1 
0.016_ 0.020 
0.290- 0.310 
12.413- 2.667) 
10.406_ 0.508) 17.366- 7.874) 


14 Lead Ceramic Sidebraze -1 
8JA = 1DDoCIW 
8JC = 45°C/W 


_____________ 
Package Information 


I-- 0780 MAX--J 
I" .119.8121 
I 
LEAO#1 
,:l~~; 
~~ll[l: 
::::::r,:: 
.1:::, "'" 


0.025 ± 0.015 ---1l+- 
10.635± 0.3811 
m· 040 
TYP 
0.020 
t 
. 11.0161~ 
10.508) 
0.130 ± 0.005 - 
13.302± 0.1271rl 
UT 


0.020 MINT 
I_I cr~ 
MIN 
10.5081 
r---I-:.J 
131751 
0.018 ± 0.003 
10.457± 0.0761 
0.100 ± 0.010 
12.540± 0.2541 


0.300 - 0.320 
17.620- 8.1281 
t:j 
O'-lO'El 
"/1...-' -\- 
0.009 - 0.015 
~ 
10.229- 0.381) 


0325 +0.025 
. 
-0.015 


(8.255 +0.635) 


-0.381 


16 Lead Plastic DIP 
8JA = 135°C/W 
8JC = 65°C/W 


'30 "J~=-:=-:=-:=-:=-:=-:=~~51:;:' ,1i~1~, 
~Jl:I:~: 


0.014 - 0.018 11_ 
I I 
0.050 8se 
10356 - 0 457)" 
--J 
1-"11.2701 
. 
. 
0.015 
t 


0.385 - 0.394 -1 l~ 
10.3811 
19.779- 10.0071 
I 
/' 
-L 
/45' 


~==0.0=18=-0=.02=2 
=-=-tJH" ~Jr 


10.457- 0.5591 
(1.346 _ 1.7531 
0.007 _ 0.009 
0.004 - 0.008 
(0.178 - 0.2291 
10.102- 0.2031 
- 
16 Lead Small Outline 
8JA = 11O°CIW 
8JC = 60°C/W 


_____________ 
Package Information 


,/ 
LEAD 
Hl 


--r 
r 


0.291-U.299 
0.344-0.364 


17.391- 7.595) 
18738 - 9246) 
_~ 
'_L 
jl 
_I l-(~:~~) 
Bse . 


.•.. 0.014 -0.019 
10.356- 0.482) 


--jI-(~:m) 


4~ 
II 
30_60 


j-~~ 
-1 ~ 


0.053 
~ ! 
(1.346) MIN. 


0.009 -0.012 
(0.229 - 0.305) 


t 1~:~~~MAX. 


~~ 
~ 
I.•.. I~:~~~)MAX. 
1 
0.088 - 0.096 


0.003 - 0.011 
12.250- 2.450) 
(0.076 - 0.279) 


16 Lead Small Outline, Wide 
8JA = 105°C/W 


8JC = 60° C/W 


I::Il~:~~)MAX-y 
LEAD#1 
~P 


O'025 
~ 
MAX 
10.635) RAO 
17.391) 


0.050 
I 
11.2701 MAX-- 


t 
0.160 
MAXJ 
14.064) 
tT 


0.020 - 0.070 
~ J L~~T 
(0.5OS - 1.778) 
o.OIB ± 0.002 


0.100 ± 0.010 
(0.457 ± 0.051) 
12.540 ± 0.254) 


0.290 - 0.320 
(7.366 - 8.12B) 
t=j 
DO_100m 


':t...6lA" -J\- 
o DOS- 0.012 
1---1 
10.203 - 0.305) 


0.3B5 ± 0.025 
(9.779 ± 0.6351 


16 Lead CERDIP 
8JA = 100°CIW 
8JC = 50°C/W 


_____________ 
Package Information 


0.298 
(7.569) MAX. 
t=:J 


~ 
."'-..,,' 
~ 
--.jj•...(0.203 - 0.381) 
I. 
+-(~:~~~)REF. 
f 
0.125 -0.200 
(3.175-5.080) 


16 Lead Ceramic Sidebraze 


8JA = 95°C/W 


8JC = 45°C/W 


I 


0.920 
- 
(23.3701MAX. 


0.250± O.OO5.t 
16.350± 0.12711- 


II 
0.060 ± 0.005 


-11--11.524±0.127) 


LEAO #1 
0.030-0.110 
(0.762_ 2.794) RAO. 


0.300 - 0.320 
0.130 ± 0.005 
0.020 
(7.620 - 8.1281 
(3.302±0.127)~040 
10.5081 
r----1 


~ 
(1.016)TYP. --i. 
Ir=-ll 
t+ 
'tTOO-l~ 


0.020 :JlJ L~ 
I 
I 
(0.508)MIN. 
0.125 MIN 
r-1 
(3.175) 
0.325+ll.Jlfi 
0.018 + 0.003 
::o:lll5 


(0.457±0.076) 
0.1oo±0.010 
(8.255+0.~) 


(2.540± 0.254) 
::o:38f 


18 Lead Plastic DIP 
8JA = 130°CIW 


8JC = 60°C/W 


,;LEAD 
#1 
r 
0.344 - 0.364 
,'.73'[""" 
--r 


0.291 - 0.299 
[7.391- 
7.595) 


~ 
jI 


-.I 1.- 0.050 
(1.270) BSC. 


+- 0.014 - 0.019 
(0.356 - 0.482) 


f 
0.394 - 0.419 


1 


10 


• 


010 
C''''' 


-.J r-(~:~~~) 


__ 
4_~~ 11 
30 _ 60 


j-~~ 
-1 I. (~:~~) 
MIN. ~! 
i 
0.009 - 0.012 
(0.229 - 0.305) 


18 lead Small Outline, Wide 
8JA = 105°C/W 


8JC = 60° C/W 


,_ 
0.910 
MAX 
[23.110) 
....• 


0.291 
IY t 
(7.391)M~ 


0.050 
I 
(1.270) ...• 
t 
0.160 
MAX-' 
[4.0641 
1T 


0.020 - 0.070 J J L 
(0.508 - 1.778) 


0.100 ± 0.010 
[2.540 ± 0.254) 


LEAD #1 


0.025 
(0.635J RAO 


0.290 - 0.320 
0.125 
[7.366 - 8.128) 
r 


13.175J MIN t:::l 


0°_10° 
~ 
- 
"U!k -J\.- 0.008 - 0.012 


~~ 
T 
I 
I 
[0.203-0.305) 
.. 
.- 
0.018 ± 0.002 
0.385 + 0.025 
[0.457 ± 0.051) 
[9.779 ± 0.635) 


18 lead CERDIP 
8JA = 90°CIW 
8JC = 45°C/W 


_____________ 
Package Information 


0.020 - 0.060 


~ 
L 


0.298 
(7.569) MAX. 
l:==j 


~ 
0.008-0.015 
~ 
T(0.203-0.381) 
I~..--_.~(~:~~~) 
REF. 
t 
0.125 -0.200 
(3.175 - 5.080) 


18 Lead Ceramic Sidebraze 
8JA = 90°C/W 
8JC = 40°C/W 


0.300 - 0.320 
0.130 ± 0.005 
0.020 
(7.620 - 8.128) 


13.302±0.127)~040 
10.508) 
r---J 
~ 
(1.016) TYP. 
--.i. 
I~I 
Tt 
'tTOO-I~ 


0.020 :JLJ I 
~ 
'" 
I 
10.508) MIN. 
0.125 MIN 
~ 
__ 
(3.175) 
0.325 ~ 
0.018 + 0.003 
=nN5 
10.457± 0.0761 
0.100 ± 0.010 
(8.255 +0.635) 


12.540 ± 0.2541 
=n:3lIf 


20 Lead Plastic DIP 
8JA = 125°CIW 
8JC = 60°C/W 


_____________ 
Package Information 


f 


0.394-0.419 
'''"'r'''' 
~r 
0.291-0.299 
0.344-0.364 
(7.391- 
7.595) 
(8738 - 9246) 
_~ 
·_t 


II 
0.014 - 0.019 
I I 
0050 
--+l14 (0.356 _ 0.482) 
-..l •..(1:270) 
Bse. 


1-(10j~025) MAX. 


~~ 
I I. 
0.030 
MAX 
1 
-I t+- (0.762) 
. 


0.003 - 0.011 
0 088 - 0.096 
(0.076 - 0.279) 
(2.250 - 2.450) 


-ll-(~:m) 


4~ II 
3'-6' 
j-~~ 
--l I. (~:~~~) 
MIN. 
~ t 
r- 
0.009-0.012 
(0.229 - 0.305) 


20 Lead Small Outline, Wide 
8JA = 100°C/W 


8JC = 50° C/W 


0.970 
,- 
124.638) 
MAX -- 


0.291 
lrt 
17.391)MA~ 


0.050 
I 
11.270)--.--. 
0.160 MAXJ 
14.064) 
tT 


0.020 - 0.070 ~ J L 
(0.506 - 1.778) 


0.100 ± 0.010 
(2.540 ± 0.254) 


LEAD #1 


0.025 BAD 
(0.635) 


0.290 - 0.320 
0.125 
(7.366 - 8.128) 


r 


13.175) MIN !=l 


O'-100m 
- 
"Ul¥ -J\- 0.008-0.012 


~~ 
T 
\.--..l 
(0.203 - 0.305) 


0.018 ± 0.002 
0.385 + 0.025 
(0.457 ± 0.051) 
19.779 ± 0:635) 


20 Lead CERDIP 
8JA = 90°CIW 
8JC = 40°C/W 


- 
Package Information 


0.020 - 0.06ll 
(0.508 -1.524) 
.1 
t 
r-- j I 
0.015 - 0.023 
0.125-0.200 
- 
(0381-0584) 
(3.175 - 5.080) 
.. 
l0.100±0.010 
(2.540 ± 0.254) 


20 Lead Ceramic Sidebraze 
8JA = 85°C/W 
8JC = 35°C/W 


0.298 
(f.569j 
MAX. 


1 
4 
., 
Iilili 
'.00'-0.00' 
~+(0.203-0.381) 


I 
I 
0.300 
EF 
-4---.~ 
(7.620)R 
. 


ir 


O 


• 


045 
4 


00 


-t rn 
0.018 REF f 
0.045 
0.457 
1.143 
I 
0.320 ± 0.005 
~ 
8.128 ± 0.127 
f 
l 
-I 


20 Lead Plastic Chip Carrier (Quad Pak) 
8JA = 11O°C/W 
8JC = 50°C/W 


_____________ 
Package Information 


~ 
1.270 MAX 


10ao,32.258 
f 
0.540 ± 0.005 
13.716± 0.127L 


0.050 ± 0.015JL 
1.270 ± 0.311 


0.060 ± 0.002 
• I I • 
1.524 ± 0.051 --J t-- 


0.600 - 0.620 


~:~~~ 
15.240 
- 
15.740 
L- 
....t 
1 


0 
~I 


-~_·:-0-;-~.~-27-rl=~-~=:-:::-::==-':':-::-=-=·-':'-:-_-=-':'_-:"'·-i1 
+ 
If 
= :i 
r- 
'-..... 
I 
0.009 - 0.015 


~ 
MIN -II-- 
Il~ 
I t- 


0 


•• 
::25 
I 
0.229 - 0.361 


0.508 
0.018 ± 0.002 
~ 
~ 
MIN r- 0.625 
-0.015 
..•. 


0.457 ± 0.051 
0.100 
TYP 
3.175 
15.875 :g:~i 


2.5411 


24 Lead Plastic DIP 
BJA = 110°C/W 
BJC = 50°C/W 


0.250± 0.005·'E 


--.11•... 0.025 ± 0.015 
(0.635± 0.381) 
0.130±0.OO5 
(3.302±0.127) 
_ 
0.040 
TYP 
L 
(1.016) 
. 
rt 


(~:~~) 
MIN.Jl 


o 018± 0.003 
0100 ± 0.010 
(0.457± 0.076) 
(2.540 ± 0.254) 


0.020 
0.300 - 0.320 
(0.508) 
(7.620 - 8.128) 


~._".JI--"'L ~!U!~, 
-:15 
I 
I 


(3.175) MIN. 
~ 
0.325 
~ 


( 
+0.635) 
8.225 ~ 


24 Lead Plastic Narrow DIP 
8JA = 120°C/W 
8JC = 60°C/W 


_____________ 
Package Information 


lEAD '1 
,I 
I 
0.291-0.299 
(7.391-7.595) 


~ 
j~ 
-I 
~(~:207~) 
BSC. 
0.014 - 0.019 
(0.356 - 0.482) 
0.092 - 0.104 
0.612 
-------1 
(2.337 - 2.642) 


(15.545) 
MAX.~I 
~1 


24 Lead Small Outline, Wide 
8JA = 85°C/W 


8JC = 45° C/W 


r 
0.344 -0.364 
"nT'~1 
r 
0.394-0.419 
''''TM'I 


-II-- (~:m) 
4~11 
3'-6' 
j-~~ 
J I. 
0.053 
MIN 
t 
I r (1.346) 
. 
0009-0012 


(0.229 - 0.305) 


l.. 
1.270 
I 
t:~~~~~::r 
"'.., 
0.530 - 0.550r 
I~:~~IRAo 
113.462 - 13.970) 


0.100 MAX--II-- 
2.540 


0.160 MAX 
U05D 
0.125 


"000 ~~i·" 


0.020 - 0.070r .----.L.jh 
10.50B - 1.77B) 
I· 
. - 


0.01 B± 0.002 
10.457 ± 0.051) 
0.100 ± 0.010 
(2.540 ± 112541 


24 Lead CERDIP 
8JA = 55°CIW 
8JC = 20°C/W 


0.590 - 0.620 
114.9B6 - 15.74B) 


0'-10' t::::I 
~ 
0.008-0.012 
H 
10.203 - 0.3D5) 


0.685 ± 0.025 
117.399 ± 0.6351 


_____________ 
Package Information 


II 
0.0611± 0.005 
--l ~(1.524±0.127) 
0.290 - 0.320 


0.200 
MAX 
(7.366 - 8.128) 
0.1611MAX 


0.020 _ 0.07ll 
(5.080)' 
14 
1 
(4.064)' 


(0.508 -1.778) 
-*- 
~ 
l 
h~~··~f 


0.100 IJ lJL 
f 
I 
I 
0.008-0.012 
12540)MAX- 
f4- 
0.01HO.002 
0.125 
MIN. 
r----1 
(0.203 - 0.305) 
. 
(0.457± 0.051) 
(3.175) 
0.385 + 0.025 


0.100± 0.010 
(9.779 ± 0.635) 


(2.540 ± 0.254) 


24 Lead Narrow CERDIP 
8JA = 80°C/W 
8JC = 40°C/W 


-ll-(~:~~;) 
MIN. 


0.008 - 0.015 
(0.203 - 0.3811 


1-(~5~:1REF.-I 


24 Lead Ceramic Sidebraze 
8JA = 50°C/W 
8JC = 15°C/W 


______________ 
Package Information 


-J 


24 Lead Ceramic Sidebraze 


8JA = 50°CIW 


8JA = 15°C/W 


I.- 1.470 
I 
1 
i37.338i MAX._~ 
LEAO#1 


(1~~06~~~nI[:::::::::::r-(~:~:~ 
= ~:~~~) 


0.050± 0.015 
II _ 
(1.270± 0.3811"'+J ~ 
0.030 
0.600- 0.620 
0.150± 0.005 
0.050 
10.7621 
(15.240-15.7481 


13.810±0.127Jl-~' 
• 
, ,D 
J 
lit 0 -1~'~ 
0.009-0.015 
+rT 
~P---\\-(0.229-0.3811 


0.020 MIN 
~~ 'I:~.125 MINI' 
I 
(0.5081 
I' -l 
(3.175) f---j 


+ 0.025 
0.018± 0.003 TYP 
0.100+ 0.010 
0.625-1iOi5 
10.457± 0.0761 
. 
(2.540± 0.2541 f, 
+ 0:6351 
I'5.875- 0.381 


28 Lead Plastic DIP 
8JA = 11O°CIW 
8JC = 50°C/W 


_____________ 
Package Information 


t 
r 
0.291 -0.299 
0.344 - 0.364 
::I"""·"·r~' 


-J l.- 0.014 
- 0.019 
(0.356 - 0.482) 
-J I.-(~:~~) 
8SC. 


~ 
I•... 
(~:~~) 
MAX. 
•.•m- •."" l..i...1 
(0.076 - 0.279) 


f 
0.394-0.419 


'JO.OO'r"" 


--j I--(~:~~~) 


4~ 
II 
3°-6° 
j====~,JJ 
--1 ~ 
7- 
0.053 
MIN 
t 
(1.346) 
. 
0.009-0.012 


(0.229 - 0.305) 


28 Lead Small Outline, Wide 
8JA = 80°C/W 


8JC = 45°C/W 


0.160 
MAX 
0.050 
0.125 
14.064) 
U~IMIN 
TIT 
- 
0.020 - 0.070 
..----Jl-.jh 
10.508 - 1.7781 
I 
. " - 


0.018 ± 0.002 
10.457 ± 0.0511 
0.100±0.010 
12.540 ± 0.2541 


28 Lead CERDIP 
8JA = 55°CIW 
8JC = 20°C/W 


0.590 - 0.620 
(14.986 - 15.7481 


00_I~~ ::il 0.008 - 0.012 
H 
10.203 - 0.3051 


0.685 ± 0.025 
117.399 ± 0.6351 


_____________ 
Package Information 


1.430 
(36.32) 
MAX. 


1+ 
0.520 
MAX..J 
I 
(13.208) 
SQ. 
I 
D 


I I 
0.005 
MIN 
-l1-(m7j 
. 


II 
0.015-0.023 
--II- (0.381 - 0.584) 


28 lead Ceramic Sidebraze 
8JA = 5DoC/W 
8JC = 15°C/W 


t 


0.598 j 
(15.189) 
MAX. 


0.008 - 0.015 
(0.203 -0.381) 
I.- (105~~0) REF.-l 


0.045J ....-LEjAO #1 
11.1431 
0.050 
1rl1.2701 
~D:T 
0.045 
0.449+ 0.001 
"".I~""""""'I-=t 


oo 


0.490 ± 0.005 •• 
112.446± 0.1271 


1t 


o.045 


¥~11.1431 


0.045 
~.022 
11.1431 
I .5591 
, 
0.420 ± 0.005 


JJ 


I~•• :~!"" 
, 
10.6861 


0.102 
(2.5911 
0.172± 0.003 
14.369± 0.0761 


28 lead Plastic Chip Carrier (Quad Pak) 
8JA = 1DDoCIW 
8JC = 45°C/W 


_____________ 
Package Information 


I 


2.070 
-l 
•• 
(52.5781 MAX 
V 
LEAO#1 
,,~:~c:::::::::::::::::r-~ :~g:", 
1:11_ 0,075± 0.015 
11.905± 0.381) 
0.009- 0.015 


(0.229- 0.381J 


0.150± 0.005 
0.030 
0.600- 0.620 
''''''''''~ 
I''''' ""~-''' •• 
t 
11.Z7~· 
+ 
1----1 
rt 
1!1 OO-l~ 


0.020 
MINr ...-11----I h 
1..!!oill...M1N I~ 
I 
10.5081 
I 
(3.1751 -J 
0.018± 0.003 
0.100± 0.010 
+ 0.025 
10.457± 0.076) 
(2.540± 0.254) 
0.625_ ii:iTI5 


[ 
+0.635] 
15.875_ 0.381 


40 Lead Plastic DIP 
8JA = 1aaoclW 
8JC = 45°C/W 


1 


_ 
02.070 MAX._I 
+ 
i5W8i 
y--- LEAO#1 


11~~~=~C:::::::::::::::::r(~:~I 
-':11- !!Jm! MAX. 
0.006- 0.012 
2.540 
(0.203_ 0.30~5 


0.590- 0.620 
m'" ~,. 
,.••••-'''.• 
t 
11.2701 
(3.175)MIN 
t-----l 
-r 
t1 
OO_I~ 


0.020-::T 
~II 
I'- 1 
I~ 
0.508- 1.778 
I 
IJ 
0.685+ 0.025 
0.018± 0.002 
0.100± 0.010 
(17.399+ 0.635) 
(0.457± 0.0511 
(2.540± 0.2541 
- 


40 Lead CERDIP 
8JA = 45°CIW 
8JC = 2aoC/W 


_____________ 
Package Information 


LEAD #1 
~t[~~jI 


I 
n 
D.D45 
(1.I43J 
r 


D.050±D.ODl 
(1.270 ± 0.0251 
n.:l;!t 
n",... 


D.65ll ± D.DD5 
(16.510 
± 0.127] 


~~ 
I: DODD 000000 


0.690 ± 0.005 
(17.526 ± 0.127] 
~ 


..-I 
0.021 
-I 
(0.5531 


0.102 


..I!Jl9. 
12.5911 


(4.318) 


44 Lead Plastic Chip Carrier (Quad Pak) 
8JA = aDeCIW 
8JC = 4Dec/w 


44 Lead Plastic Flat Pack 
BJA = 170°C/W 
BJC = 70°C/W 


~ 


~~ 


-::rO'016 


(1.000 ± 0.400) 


0.006 ± 0.002 
(0.150± 0.050) 


